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Absb·act 
Communities of Carabid beetles have been studied at adjacent woodland and 
grassland habitats in Durham, north-east England during the period 1988 May 
12 to December 23. 
From a total of 25 Carabid species identified, the data obtained on a subset 
of some 17 species were sufficient to permit a discussion of the biological seasons 
of adult individuals. Many measurements have been taken of the frequency of 
capture, the distance of movement, the length of the mandible tip, the ratio of 
the length of the abdomen to that of the elytra, the numbers and volumes of 
eggs, and the maturity of the reproductive organs of both sexes. 
It is suggested that the results of the present work are compatible with those 
of previous studies of ground beetles at various habitats in north-west Europe, 
which have revealed a shift of the time of occurrence of the breeding and emer-
gence seasons depending upon the harshness of the local environmental condi-
tions. 
The composition of the communities of Carabid species at the Durham wood-
land and grassland sites has also been investigated. The dominant species in the 
two habitats were found to be Ptemstichus madidus and Nebria brevicollis. 
To ViXll.ce &lill.d my prurents 
CoiiTLtents 
2 §tudy Area ................ . 
2.1 For Population and Activity Study 
2.2 For Anatomical Study ...... . 
3 Methodls ........ . 
3.1 Pitfall Trapping 
3.1.1 For Population and Activity Study 
3.1.2 For Anatomical Study 
3.2 Mark-Recapture Method 
3.2.1 Marking Method ..... 
3.3 Capture of specimens for Dissection 
3.3.1 Preparation of Samples .... 
3.3.2 Mesurement and Observation 
3.3.3 Maturity of Male 
3.3.4 Maturity of Female 
4 Results for Each Species 
4.1 Pterostichus madidus 
4.1.1 Numbers Captured 
4.1.2 Distance of Movement 
4.1.3 Stage of Maturity 
4.1.4 Elytra Length 
4.1.5 The Ratio of Abdomen to Elytra Length 
4.1.6 Mandible tip length ............ . 
Appendix 
2 
8 
8 
8 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
14 
18 
24 
25 
26 
28 
29 
29 
31 
Appendix 
4.2 N ebria brevicollis 49 
4.2.1 Numbers Captured 51 
4.2.2 Distance of Movement 52 
4.2.3 Stage of Maturity 53 
4.2.4 Elytra Length 53 
4.2.5 The Ratio of Abdomen to Elytra Length 53 
4.2.6 Mandible Tip Length •••••• 0 • 0 •• 0 54 
4.3 Abax parallelepipedus Piller & Mitterpacher 66 
4.4 Calathus melanocephalus Linnaeus 72 
4.5 Calathus piceus Marsham 76 
4.6 Carabus violaceus Linnaeus 81 
4.7 Cychrus caraboides Linnaeus 86 
4.8 Leistus ferrugineus Linnaeus 92 
4.9 Leistus rufescens Fabricius 97 
4.10 Leistus rufomarginatus Duftschmid 101 
4.11 Loricera pilicornis Fabricius ... 105 
4.12 Notiophilus biguttatus Fabricius 112 
4.13 Patrobus atrorufus Strom 117 
4.14 Pterostichus melanarius Illiger (vulgaris Linnaeus) 126 
4.15 Pterostichus niger Schaller 132 
4.16 Pterostichus nigrita Paykull 140 
4.17 Pterostichus strenuus Panzer 143 
5 Composition of the Carabid Community 145 
6 Discussion and Summary 155 
Bibliography . . . . . . . . . 170 
A A llisi of aU species all1l.dl illite :rmmlber in each habitat 
B The comprudt§Oil1l. oif enyilra nell1l.gths 
C The siUJJ.dy of phell"omoltles .... 
D A sitJLdly of defence mechanisms 
Appendix 
176 
179 
181 
183 
1 Introduction 
Clha.ptel!" ][ 
Species of Carabid beetles (family Carabidae within the order Coleoptera) 
may be grouped by differences in life cycle. A scheme for the sub-division of 
carabid beetles into several groups according to both breeding season and hiber-
nation stage has evolved through the work of Larsson (1939), Lindroth (1945, 
1949) and Thiele (1977). 
Larsson (1939) employed museum samples from various parts of Scandinavia 
to classify Carabid species into three categories: 
1. autumn breeders 
2. spring breeders with autumn activity 
3. spring breeders without autumn activity. 
However, some species could not be classified uniquely into any one of these 
three groups. 
Lindroth (1949) therefore suggested the use of the criteria of hibernation 
stages: 
1. larval hibernators 
2. adult hibernators. 
However, the facts that females of several species reproduce more than twice 
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in one year and that several species of autumn breeders survive after oviposi:-
tion to reproduce during the following spring, have led to more detailed studies, 
including laboratory experiments on life cycles, with particular reference to de-
pendence upon photoperiod and environmental temperature. 
Thiele ( 1977) has proposed the following classification (see Table 1.1): 
1. spring breeders which have summer larvae and hibernate as adults 
2. species which have winter larvae and reproduce from summer to autumn 
but exhibit no adult dormancy 
3. species with winter larvae, the adults of which emerge in spring and un-
dergo aestivation dormancy prior to reproduction 
4. species with flexible reproductive periods 
5. species which require more than one year to develop. 
Recent studies have revealed that several carabid species display variations in 
life cycle with geographical location. Paarman (1979) suggested an evolutionary 
expansion by making a comparison of the life cycles observed from tropical to 
arctic zones. He divided species into 5 groups for the tropical and sub-tropical 
zones and 7 groups for the temperate zone. (See Table 1.2, Fig. 1.1.) In the 
climates of higher latitudes and altitudes, carabid beetles have a shorter period 
of summer activity. As a consequence they have a longer duration of develop-
ment, including maturation. They are observed to have a two-year (semivoltine) 
life cycle in contrast to the one-year (univoltine) life cycle found at lower lat-
itudes and/or lower altitudes. They also become more opportunist, e.g. they 
have a better low temperature survival rate than the lower latitude species and 
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develop faster in optimum temperatures. On the other hand, the climates at 
lower latitudes and altitudes allow life cycles to be more flexible and more evenly 
distributed throughout the year. Further detailed studies on a larger number 
of species and on a wider geographical scale are important for the classification 
of the different types of life cycles of carabid beetles. These will assist the un-
derstanding of how Carabid beetles have spread so widely to many geographical 
areas . 
The present study provides the results of an investigation of the life cycles 
of Carabidae at two adjacent habitats in Durham, northern England. The data 
are considered within the context of 
1. life cycles of the species 
2. morphological differences within a species 
3. behavioural differences within a species 
4. species composition. 
Finally, a comparison is made with the previous studies of the life cycles of 
Carabidae species. 
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<Ta.b!e 1.1> Types of dormancy and dormancy controlm carabids. From 
Thiele (1977) . 
.-tdulrs 
Season of dormancy! Type of 
1if an~J dorman.:y 
Hibernation Photoperiodic 
P<1rapause 
Terminate-d 
by 
shan day --
long day 
. Ldrt'Ut! 
Season of dormancy 
. 1if any I 
Type of Terminated 
dormancy by 
No dormanq· 
Examples 
Pternsrichus nigrira ;; 
Ptf!rosridtu~ angusrurus~ 
Ptermuidtus cuprt'U.\ <; 
Pternsrkhus nk'rult>~n-ns 9 
.-tha:c nroli~ V 
r-----------------------------;--
:\estivation 
Photoperiodic 
~arapause 
Photoperiodic 
Quiesconoe 
Photoperiodic 
Quicsccnce 
No dormancy 
Photoperiodic 
Parapause 
shon day ~~·ith 
temperature optimum i 
at t5'"CI- 1 
long day 
shan da~· \at low 
tc:mperalures) -
long day 
short day 
long: da)' 
long da~·­
short da~ 
No obligatory dormanC)· 
tthcrmic quiescence possible! 
~ o dormancy 
No dormancy 
No dormanc:r 
No dormancy 
Hibcrntuion Thermic Cold 
5 
Para pause 
Thermic Cold 
Parapause: 
No obligtnory dormancy 
~temporary .:old lowers 
mortality howe\'er) 
Pterosrichw cupreus d 
Pterosttchus COt'rulrscen.~ c: 
Pternsrichus nigrita G 
Pterosrichus anqu.uarus d 
Prernscichu.~ obln~tqcJpunclaius C 
Agonum w~imilt' 
Plt!rosrichtL~ rul9aris 
PteTO.'ilichu.s 11~er 
Pcrrmcichu.' maduius 
Patrnbw arrorutUs 
N tbna btet11Colfil 
Aba:x aur 
Abax oralis d 
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<Table 1.2> Types of annual reproduction rhythms, known from the trop-
ics, subtropics and temperate zones (SD = short day: LD = long day). From 
Paarman (1979). 
spri11g hradas 
(lARSSO:O.:, 1939} 
autumn breeders 
(lARSSOS, 1939) 
5pccf,:.s :1·ij); :uulubic · /iilleJnating 
co11dirions 
l L!SOROTH. 1949) 
I. swumcr breeders 
spring breeders type I 
gonad dormancy during hibernation -complete gonad matu-
ration:;):} in SD. ?:;. after a change of day length from SD to 
LD. 
spring breeders type:! 
gonad dormancy Juring hibernation -complete gonad matu-
ration in LD, SD retards maturation. 
autumn breeders type 3 
no gonad dormancy {ability to produce a t.::mperature con-
trolled gonad dormancy during hibernation) - temperdture 
controlled lar\'al dormancy during winter. 
autumn breeders type 4 
gonad dormancy during at!!itivation - complete maturation 
after chanein!! of day length from LD to SD 
temperatu;e (ontrollcd larval dormancy during winter 
species with a development potentially free of dor-
mancies type 5 
ability to pr0duce temperature controlled gonad and larval 
dormancies during hibernation. 
species with a two-year development type 6 
;•;;:; gonad d<?nnancy during hibernation - the~ re~ch their 
gonad maturity after a change of day length frc>m SD to LD. 
)i: no gonad dormancy. but ability to produce a temperature 
controlled dormancy during hibernation. 
temperature controlled larval dormancy during winter. 
species with a two-year de\'elopment type 7 
temperature controlled larval and gonad dormancies during 
hibernation. 
temj)l:rature controlled gonad dormancy (continuously humid habitats wi 1 hand wi l huu I pcriodi-
.:al inundations). 
!. •rima bret'ders 
gonad J0rmancy Juring aestivati,m. controlled by temperature and day length - c~·mr!~te ~-·nad 
matu~ation under low temperatures and SO - lirst indication of a t.:mp.:ratun: c.•ntroikd br,·al 
dormancy during winter (periodically dry habitats). 
3. Sf'•'< "i.'S u·irhowan u11nrwl reproducticlll rlryrluu 
(cominuously humid habitats without reril.•dic:~l inundatil'IIS) 
-1. sp,·dt•s u·irlr wr unmwl reproclucti<m rlryrhm fr.•m n1111iuuouslr h:uuicl lwi>irurs (" ith p.:ric>di..:JI 
inundations) 
tC:m('t:rature controlled gonad dormancy. 
5. rai11r St'ason brt>eders 
terr.;-erature controlkd gonad dormancy during Jry s.:a'<•n (r-:ri,,Ji.:ally Jr) h;tbitab). 
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<Fig.l.l> 
From Paarman 
Evolutionary 
(1979). 
hypothesis of the expansion of Carabid beetles. 
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(optimal climrWt: 
condi lions ) 
~··----------·] -·-------r- ~::··.::~~:1 ~pagol1oj --~--
Th~ tWd 'lines t;f tle!>Ccnt' in the annual reprodm.1iC'n rhythm\ \,fctuabitls from the dirTen:nl ell malic zone!. 
The dilfczcnt tyrc~ au: enclosed by Jiffcrt-nll)' formed framei: 
·• no tlormltm:y 
(double) ~onaJ dormonC)' or the :.tl,ility to pwc.Juce o gl.ln;u.l dt'rntancy 
(lhrct:rold) - lart'DI and !-OO:ld c.loUIIlillh.:ics or the ability IO ('lrodllf.·~ thi!~ tlormam:iet.. 
n1c ~ind l'fgonac.J tlwmancy is fC'COgniL.lhli! by the '!ihJf'C ufthe ~urmunt.Jing fr:1mc: 
gonad dorm;m11y only '""Hllll~d by h:mr~rahm: llf the ;1~ili1~· tu l"'""lucC' itu:h :a Jl•r~ 
m<~ocy. Thit abili&)· hl proJuct a ~ullitll Jonnnncy l'OOUI'Ill••l by h."llll~ruturt dutinl' 
lnbc:1na1inn i'i Ill~ f,,unl.l in&hL' )~l(.._.,;::, t•fth'-· hi~hcr l:uilude!!thlll arc altlc IP rtol\"h lh~ir 
)C.\ual rnatmil)' potcnliall~ ru:C ,,f Julm:tllt.·ks. 
gvn::tJ Jurutam:y Ct.mtrulleJ hy - nunpkk };l)nad ~tcwlupmt.'"lll in SIJ (~ohnrl 
photoperiods ti:J)") 
l!unatl dorn•ancy~tmthtllcJ hy ~.:tunrkh· ~t'll<ttl tft·,,·h•l'm'-·nt in l.no,,ng 
phuto[X'rif'\oll"' ,l.,y) 
g.nua(l dorman'"y '-'"nutroiiC'lll:ty .._·,•mpletc !!llll:lll Je:'cl''l'll":nl t 1nly after 
phtthJ(lCUOth .._·h:m~mp: ,,f,ht)"icU~Ih hum SD htll>. 
Thl· hl:tL'k arr.nv' :ulru:hctl t<t \11111\.' tyPe" •'fannu:tl rh~ thm nto.·authatme:m~·rs nfthe l)'I'C' nlso C"W.i:ol m the 
•.:lima tic tone-. lu \\hi~h the: arnm· Pl•ints. 
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Chapter ][][ 
§tudly A.Jrea 
The work was carried out from 1988 May 12 to December 23 at two adjacent 
habitats: 
o A field station of the Department of Biological Sciencesat Hollinside --
Wood, Durham <Fig.2.1, Fig.2.2>. 
o An adjoining grassland pasture, within which an electric fence was de-
ployed to prevent the entrance of farm animals. 
The geographical coordinates of the site are latitude 54.5°N, longitude 1.4 °W 
and the altitude is 70-75m a.s.l. 
2.1 For J?optdation and Activity Study 
The woodland study area was 27m x 30m whilst the grassland area was 24m 
square <Fig.2.2 >. The wood is about 20 years old. 
2.2 For Anatomncall §tudly 
Samples for dissection were collected at both habitats outsides, but close to 
the study areas. <Fig.2. 2> 
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<Fig.2.1> The location of the study area at Durham 
0 
':,) 0 
;;._·:~ 0 
<1c :) c) 
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<Fig.2.2> FfteM map 
Area for activity study 
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Grassland _ 
Woodland 
~ /1, - 2 ~ " . ...-/! 1-A 
1 fV. cJt-a.e.-1 vcv{if:rn.-v £~-...:>./'l-Z__ ~cGz ~ C' 7'"' r-b?w ,s~ ~ /-(~ 
·1-c- I .f d S' efh't..._Aa__/L CI/VLd --~ 7~.Y ~~-- .:J-()d, Oc~~ fo 
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Chapter JIH 
Metlbtodls 
3 0 Jl. JP li d'aillll 'IDr IBl JP> lP lillllg 
The pitfall trapping method was used to catch carabid beetles. Beetles were 
passively collected in glass jars (mouth diameter 6.2cm, depth 11.4cm) set with 
the mouth at soil level in woodland and in polystyrene cups (mouth diameter 
6.7cm, depth 7.9cm) in grassland; the latter were used in order to avoid injury 
to farm animals. A small piece of soft tissue paper was put into each container, 
to prevent beetles from drowning in the standing water. Traps were checked and 
emptied after :each observation. fr 
3.ll.1 For Population and Activity Study 
Some 64 woodland pitfalls were established on 11th May, with a further 31 
from 22nd August. In grassland, a total of 64 pitfalls were established on 29th 
July. All pitfalls were monitored until 23rd December, with the exception of the 
period 18th September to 21st October. <Fig. 3.1, Fig.3.2>. 
3.1.2 For Anatomical Study 
Separate pitfalls were established in both areas for the trapping of dissection 
samples; they numbered 20 in woodland and 16 in grassland and were employed 
from 1988 July 1st to December 23rd <Fig.2.2r>. 
11 
3 Method 
Marks were made on individuals to enable unique identification. Most of 
the captured beetles were returned within lm of the appropriate pitfalls after 
marking on the date of observation. Some individuals were kept for dissection. 
3.~.1 MaJrkmg Method 
by co.teft•.lly rositioning. d.ot- mc.r-ks. 
LD. mtmbers were made on the elytra and thorax of beetles" Various marking 
methods were tested as follows: 
1. 12th May- 14th June; by painting with enamel: easilyrubbed off. As a 
control, the painting marks were checked in an insectarium. The shortest 
duration for obvious fading was two weeks. Some of the painting marks, 
however, were not rubbed off for three months. 
2. lOth June; by burning with a gas igniter: too harmful for specimens. 
3. 16th June; by nicking with a stone tip: technically difficult to control. 
4. 19th June - 23rd December; by nicking with a metal tip: the most 
successful of the methods tried, although it could not be used for callows. 
5. Making a hole with a needle: for callows only. 
The marking of small species by these methods was not possible. 
3.3 Capture of specimens for Dissection 
3.3.1 Preparation of Samples 
The same capture methods were used for the activity study of dissection 
samples in each area. A small piece of tissue paper was put into each container 
12 
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in order to prevent beetles from drowning. Formalin was put into each capture 
container betwen 18th September and 20th October. After capture, specimens 
were suffocated by C02 in the field and retained in 70% alcohol. The majority 
of specimens were dissected from November to December 1988. However, some 
of the early specimens were dissected on the day of capture. 
:ll.:Jl.2 Meallllrement and Observation 
The following were recorded: 
1. I.D. number 
2. Elytra length 
3. Capture site 
4. Capture position within trapping grid 
5. Mandible tip length: the measurements were made with x80 binocular 
microscope 
6. Maturity: the criteria are discussed in the next section (3.3.3, 3.3.4) 
7. Previous ,Gapture position and date. Solll.e of the dissecti()n_saiJ1J>le_s <:lis-
played capture I.D. marks. 
3.3.3 Maturity of Male 
The maturity was classified (1-4) by the criteria of Table 3-1. 
Testes: The size and maturity were examined. 
0 Size: a check was made 'to determine whether the testes occupied less 
than half the length of the abdomen or more than half the length of 
13 
3 Method 
the abdomen. ( 1-!Du.sfcfz /981) 
o Maturity: the quality of mature sperm was observed at three points 
(top, middle,bottom) of the testes. ( !1e;:/;cv{ l5J jJ- :J;J.J;,;-.:j [.U-?l/i!Ci-) 
The maturity criterion was considered only when the size of the testis 
was greater than half ofthe abdomen length. A check for the existence 
of niature sperm was made with a standard microscope and a phase-
contrast microscope (up to x1000 for both). 
3.3.4 MatUR"Jity of Female 
Maturity was classified (1-7) by the criteria of Table 3.2. ( !-/{)ttslr.rx !9J>j) 
1. Egg: 
o number of eggs in one female: were counted only those eggs coloured 
from light yellow to brown 
l'>l length and width of the largest egg in one female: measured with a 
dissection microscope (X 20) 
0 characteristics: colour, hardness, shape, texture 
In addition, checks were made for the presence of 
2. Corpora lutea 
3. Sperm in the spermatheca 
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<Fig.3.1> The Durham woodland site (94 pitfalls) 
the relative position of grassland pitfalls 
~ -b ,;. 
0 0 0 0 0 0 0 0 
/ 
0 0 o: 
o(9 ~ G 
0 Q) 0 
~~~~----~-~-- 30.0m --------------,o;::. 
Tree positions Pitfall position Situation of 
and identity exposure to rain ground surface 
1. Oak 0 Rain directly Grass 
2. Sitka spruce A Half rain Covered by fallen leaves 
3.Scots pine 0 and soil without grass 
4. Birch 
" 
Dry e Mud with grass 
0 Cut tree, dead tree 
([2::> Humes 
(Habitat data taken on 4th August, 1988.) 
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<Fig.3.2> The Durham grassland site (64 pitfalls) 
0 3.0m 0 
3.0m 
0 0 
0 
0 
Bull pathway 
24.0m 
3 
4 
0 0 
0 0 
0 0 
0 
0 
3 
0 0 0 
0 0 0 
0 0 0 0 
0 0 0 0 24.0m 
0 0 
Pitfalls established 
3 ~ I I 
on 29th July 1988 
"" ~ ; 
the relative position of woodland pitfalls 
Vegetation 
characteristic 
1. Thistle 
2. Thickest of thistle 
3. Miscathus 
4. Turf grass 
5. Brier 
(Habitat data taken on 4th August, 1988.) 
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<Table 3.1> Maturity criteria for male§ (/,ft-u~/c-H t?.§/~w.Arf 
fW!->. (!ft.:( cu:.:-t/un.-) 
Stage of l 2 3 4. 
maturity Callow Undeveloped Developing Mature 
Mandible tip Sharp Not sharp 
Elytra Soft Hard 
Size Thin Leso than More than 
half half 
Testes Sperm Mature sperm 
Only present a.t Present 
the bottom thrughout 
of the testes testes 
<Table 3.2> Maturity criteria for females (t~19P/) 
Stage of l '2 3 4 5 6 1 
maturity Callow Undevel· Re- Devel- Redevel- Mature Spent 
Check point oped greased oping oping 
Mandible tip Sharp Not sharp 
Elytra Soft Hard 
Very Undeveloped Maturing fully 
Ovary small not yet developed Small 
thin pointed ovary 
Opaque Translucent Opaque 
Not Glossy 
Oocyte visible Soft Elaatic eggs Hard Crumbly 
Thin egg Small but complete Fully Sometimes 
egg shape developed developed 
White Light yellow - Yellow-brown Dark brown 
Oviduct Tight Loose Thight Loose In which 
eggs are sometimes observed 
1st Not / Not v Exist at the end of Exist repro- present present reproduction period ductive Yellow- brown Dark colour Corpora period Thin 
lutea 2nd / Present v Present repro- Thin Distinctive and large duction Dark coulour Dark colour period 
t7 
4 Results for Each Species 
Results are given for 17 main species: for 14 species in the woodland from 
May to December, and for 10 main species in the grassland froni August to De-
cember. Other species, for which only one individual was caught, are listed in 
Appendix A <Table A.1 >. Two dominant species are presented at the begin-
ning (Pterostichus madidus, Nebria brevicollis) and later species are presented in 
alphabetical order by genera and then species. The scheme for the classification 
of life cycles is taken mainly from Larsson (1939) and Thiele (1977). 
Each subsection is composed of 
o Previous Information 
o Results 
o Discussion 
o Additional Information 
Previous studies are considered after discussion of the present results. 
Geographical and meteorological data are listed for the previous studies of 
carabid beetles in western and northern Europe: 
o Table 4.0.1: authors of previous studies and their study areas, with habitat 
characteristics 
o Figure 4.0.1: geographical locations 
18 
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o Table 4.0.2: Annual average temperatures of the study areas, with minimum 
and maximum monthly average temperatures1 ; vegetation growth periods are 
also shown. 
The vegetation growth period is defined by Bruum (1967) as the period when 
the daily mean temperature exceeds 6°C. However, the duration of the vegetation 
growth period is taken here to be the number of months in which the average 
monthly temperature exceeds 6°0. 
o Figure 4.0.2: Average monthly temperature at study areas 
1 Data from reference Averages of temperature for the United Kingdom 1941-1970 
(for U.K.); Climatological normals for climat and climat ship stations for the 
period 1931-1961 (for European countries except U.K.). 
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<Table 4.0.1> List of referenceo and study areaa for the investigation of life cycle 
Author I Year Country I ~ain study area Habitat 
den Boer 19581 Netherlands ~eijendel !De Bilt l Sea dun"" 
Briggs 1965 S. England Kem Weedy cultivated land. otrawberry field 
van Dijk 11972 Netherlands Wijster iDe Bilt) High grass dune 
I 1973 Netherlands I Wijster (De Biltl .Heathland 
van Driit 11951 Netherlands !De Biltl Beech forest 
Gilbert 11956 :-f. Wales I (Colwyn Bay) Gray-dune. !Uarram grass 
Greenslade 119651 S. England Berkllnire Beech wood. bracken grass heath. arable land 
van Heerdt 11976 Netherlands I (De Biltl Oak. birch wood 
Houston I 1970 :-f. England I Northern Pennine High (465 ~49m) 1noorland. cowgreen [472mi 
11981 :-f. England I !'forthem Pennine High iG50ml blanket bog 
Jorum 11980 Denmark (Kobenhavn l I Beech wood 
Krelian 11970 W. Germany I Koln (E~en) Open country 
Larsson 11939 Denmark [Kobenhavn) ~useum samples. 
Lareau 11985 Belgium I Lembeek 1 Uccle i Beech forest. f)ine·wood country 
LOser \1970 W. Germany Koln (Essen l Oak woodlands (56. 186. 219. 340m) 
1972 W. Gertnany Koln (Essen) Oak woodlands i56. !86. 219. 340m) 
.Lauterbach 11964 W. Germany I Koln (Essen) Young spruce f)lantation. :;pruce stand. 
Oak-hornbeam. oak-birch. beech forests 
Lindroth 1945 Scandinavia .\1useum satuples 
I 
LuH jl973 :-f. England :-fewcasde Walled garden. cultivated land 
~urdoch I 19631 S. England Oxford ~.1arsh streamside 
119671 S. England Oxford ~arsh streamside 
Penny 1969 S.Scotiand Luss (Obanl I ~arsh streamside 
Refseth j1980 C. Norway 10m ~elhus Alder (lOmi. sptuce (120m). :;ubalpine birch i830mi forests 
.. '19841 C. Norway 120m Tiller iTrondheirn) Subalpin~ birch .(830ml forest 
1986 C. Norway 160m Rognes . .330tn Budalen I ( 20mi. (120m.,, ( 160mi. t830mi . .-\!pine heather landsi98().1120mt 
1988 C .. S. ~orway 980·1120m Sjodalen I (20tul. (830ml. Alpine heather laridsi980-1120m) 
Szyszir.o 1977 Poland I Pine forest 
Thiele 1969 W. Germany Koln (Es&eni :V[oist forest ( Gfim i 
V\ijm 1968 :-fetherlands Schiermornikoog (De Bilt) Taller ve.;etation 
Walker 1985 ~.England Durham Pine-spruce-hemlock. oak. beech forests. otreatu side. pasture 
de Zordo 19791 Austria :Y[ountain 
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<Table 4.0.2> List of average temperatures of the study areas with minimum adn maxi~ 
mum monthly average temperatures, and number of months of vegetation growth periods with 
the durations. 
Country Study area or nearest Average temperature Number of vegetation 
meteorological station (min .. max. temperature) growth periods and the 
duration 
Belgium Uccle 9.9(2.2.17.5)°C 9 (Mar.:-Nov.) 
Denmark Kobeid1avn 8.5( -0.1.17:8)°C 7 (Apr.-Oct.) 
Netherlands De Bilt 9.3(1.7,17.0)°C 7 (Apr.-Oct.) 
Norway Budalen 830m l.l°C 
Melhus 10-20m 5.3(2.7, 14.9)°C 
Rogues 160m 3.5°C 
Sjodalen 980m -O.l°C 
Tiler (Trontheim) 120m -L!J( -3.4.14.4)°C 5 (May.-Sep) 
Sjodalen 980m -O.l°C 
United Berkshire 9.9(3.4, 16.5)°C 9 (Mar.-Nov.) 
Kingdom Colwyn Bay 10.1 ( 4.9. 15. 7)°C 10 (Mar.-Dec.) 
Durham 8.5(2.7, 14.9)°C 7 (Apr.-Oct.) 
Kent 9.7(3.3. }6.5 )°C 8 (Apr.-Nov.) 
Newcastle upon Tyne 9.1(3.9.14.7)°C 8 (Apr.-Nov.) 
Nothern Pennine 568m 5.3(0.0.11.3)°C 4 (Jun.-Sep.} 
~ ~Oban ~ .. ~ 8.3( 2. 7. 14.3 )'lC 7 (Apr.-Oct.) 
Oxford 10.1(3.5.16.9)°C 9 (Mar.-Nov.) 
West Germany Essen 9.6( 1.5. 17.5 )°C 7 (Apr.-Oct.) 
21 
L 
't\:) 
"' 
20 10 0 1 0 20 65 30 ~«J/ 60 
iii I l<JA i I I I ' li H ( '(/ \· .. ( ti '_ . .,. __ j,._ .. \. ' .c:::: 1 J :; \'·""<":~· OCJ tt .... '(- 7·1. ..,"" ' ( It 
<lFng.4.0.1> Geog1raphical locations of studly area 
1 
·e . , " ·~ ' ,. · ' • 
55 
45 
<lFig.4.0.2> A ve1rage montlhny temperatull'e at study aJreas 
15 
10 
0 
0 
2;> 
..:: 
c: 
0 15 
s 
~ 10 
.. 
~ t 
< 5 
0 
Colwyn Bay 
Newcastle upon Tyi•e Durham 
Oban Nothern Pcnnine 568m Trontheim 
-s~~~~~~~~~~~~~~~~~~~~~~~~ 
JFHAHJ J ASOtl DJ FHA HJJ ASONDJFMAHJ JASO!lD 
23 
4 Results for Each Species 
lPREVliOU§ liNFORMATliON 
Pterostichus madidus is most frequently found in grassland but may be found 
in woodland also (Greenslade 1965). 
This species has been studied in northern England at low altitudes by Luff 
(1973) and at high altitudes (472m-893m) by Houston {1970). It has also been 
studied in southern England by Briggs (1965) and Greenslade (1965) < F~A 1.11). 
Pterostichus madidus was classified as a member of the group "autumn breed-
ers with a thermic hibernation parapause at the larval stage and no dormancy 
in the course of adult development" (Thiele 1977) . After autumn breeding, the 
larvae overwinter. The imagines emerge during the next spring. (Luff (1973) has 
suggested that the emergence might be stimulated by a photoperiodic signal). 
During maturation, the proportion of females to males amongst animals captured 
is higher than that observed at other biological seasons (Greenslade 1965, Luff 
1973). Most females oviposit in autumn but some individuals overwinter andre-
produce_ durin_g thefol!owi!lg spring (Luff 19_73): At higher a!titude,s !n l!i_ngland, 
a biennial life cycle is observed (Houston 1970): breeding occurs in May and 
June; larvae hibernate, adults emerge in the following summer-autumn (mid-
August to mid-October) and maturation occurs during the following spring after 
hibernation. In southern England, mature females are observed in woodland 
from July to October (Briggs 1965). 
RESULTS 
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The data displaying the frequency of capture of Pteroctichus madidus in 
woodland <Fig.4.l.la> show two peaks of abundance and/or activity i:n periods 
no.3 and 8 for the female and in periods no.4 and '8 for the male. This result 
becomes clearer by plotting the da:ta on probability paper <Fig.4.1.2a, b>. It is 
seen that peaks occur·in early Jurte and in late August (periods no.3, 8) for the 
female and in late Ju:ne and late August (periods noA, 8) for the male. 
Table 4.1.1 shows the proportion of females captured in each period of abun-
dance (periods no.l-6 and 7-10) in the two habitats. In woodland, females 
formed a higher proportion of all-captures in the first main period of abundance 
than in the second period (xi= 4.17, 0.025 < p < 0.05). In grassland,. the same 
comparison cannot be made, because sampling began only in July. During the 
second period of abundance, females formed a significantly higher proportion of 
all captures in woodland than in grassland (xi= 22.00, p < 0.005). 
Some of these captures were of callows <Table 4.1.2>. The proportions of 
callows amongst the males and females captured ·in woodland were not signif-
icantly~ different- ~x.i~ = 1.29,- 0.20 < p < 0.30).-- However, _females--formed- a 
significantly lower proportion of all captures amongst non-callows tij.an amo11gst 
callows C~f = 4.20, 0.025 < p < 0.05). The ratio of females to males amongst 
the callows was close to 50% in both woodland and grassland. 
The data summarised in Fig.4.1.3 show the average number of captures per 
pitfall in the two habitats in the second peak of abundance. In August, both 
males and females were significantly more abundant and/or active in grassland 
than woodland (Xi = 12.06, p < 0~005). 
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The total numbers of P. madidus and other species captured (including re-
capture) are given in Table A.1. A comparison of the numb<ers captured in both 
habitats in periods no. 7-17 shows that this species was observed more abun-
dantly in grassland than in woodland. This result is in agreement with the 
previous studies (Williams 1959, Greenslade 1963, 1965). 
4.1.2 Distance of Movement 
The data summarized in Fig.4.1.4 and Table 4.1.3 suggest that in the second 
period of abundance, males moved significantly further than females in both 
habitats (in woodland t45 = 2.91, p. = 0.006; in grassland t125 = 4.95, p < 
0.001). In the fi-rst period of abundance, woodland males moved perhaps a little 
further, on average, than females, (t29 = 1.62, p = 0.117). However, althoughfew 
recaptures were made in the third period (periods no.13-17) } woodland f~males 
moved significantly further than males (t5 = 2.69, p = 0.043). 
The comparisons amongst three sets of periods (periods no.1-6, 7-10, 13-'-17) 
in woodland for each sex show that females moved significantly further in the 
third period than others. (Between fitst and third period t16 = 3.54, p = 0.003; 
.between:__second __ and .. third period~t32·-= 3.81, p ::::::: 0.001). However males did_ 
not show significant differences. (Between first and second period t43 = 0.99, 
p = ~.326; betweert·second and third period ta1 = 0.97-, p = 0.340; and between 
first and third period t1s = 0.64, p = 0.502). In woodland the distances of 
movement by femcil.es in the first and second periods of abundance were identical 
(t44 = o~oo, P =: o.999). 
The distances moved by females during the second main period of abundance 
were similar in both woodland and grassland; (t5s = 0.0004, p > 0.9); they may 
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have differed for males, but the significance is low (t37 = 0.4,2, p = 0.680). 
It is possible that the average distances moved, as recorded by recaptures, 
might increase with the time between mark and recapture. In Table 4.1.4, a 
comparison is made between distances moved in woodland by two groups of 
animals recaptured withinperiods no.7-10: namely, those that had been marked 
within periods no.1-6, and those that had been marked within periods no.7~10. 
These data suggest that each sex had a similar activity range in both habitats, 
regardless of season, in that animals recaptured soon after capture moved as far 
as those'recaptured much later. 
Fig.4.1.5a, b, c, d, e, f show the frequency of movement distances. 
Table 4.1.5 shows the number of recaptures· in each habitat. Females dis-
played a strong tendency to remain-in- their habitats (in gras~l~!!_d 30/30=100~0%; 
in· V\"~<?dfai1d:42/44_:_95.5%). The grassland males showed a_ similar tendency 
(94/98=95.9%). However, a lower proportion of the males marked in woodland 
remained in the woodland habitat (43/60=71.7%). All movements between the 
two habitats were observed in the second period of abundance (periods no.7-10). 
Nonewere found in the third period of abundance (periods no.13-17). A greater 
riumoer of movements were oBserved from- wo~odlana- to grassland than- iri. the 
opposite direction: 2 females out of 2 and 17 males out of 21. This tendency 
supports the result ofTable 4.1.1 in which the male ratio wqs seen to he sigi'lifi-
cantly higher in grassland during the second period of abundance. Although the 
movements of the majority were small, a few males moved very large distances 
and departed the woodland, which might indicate competition in woodland for 
the preferred microhabitats. 
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Fig.4.1.6a, b, c, d show the stages of maturity of animals grouped in 2-week 
periods. 
In woodland, callows were observed from late July t9 early September (pe-
riods no.6-10) and a peak emergence occurred in late August (period no.8). In 
grassland, a peak emergence occurred from late July to l<tte August (periods no. 
6-8). The full J>eriod, of emergence in grassland was not observed because, for 
this habitat, the colle~tion of animals did not start until early July. However, the 
peak of oviposition seems to have .occurred in early August. The start of emer-
gence appears to have been earlier still, because an undeveloped female (maturity 
st(l.ge 2) was observed in period no.6. This individual must have emerged as a 
. . 
callow before period no.5 <FigA1.6c>. It is conduded that the emergence in 
grassl~d may have occurred from mid-July to late August (periods no.5.,...8). 
With the exception of males in woodland, mature or developing individuals 
(stage of maturity of male 3,4; of female 3-7) were observed both b~fore ~d 
simultaneously with.the main emergence Season (period no.~)~ The individuals 
may th~refore have been adults which had survived for two yeats o,r more. 
The summary table <Ta~le 4.1.6> indicates th~t the ratio ofseco~d-year 
females to newly emerged females was higher in. grassland than in woodl<!-nd. 
This is ·a.J.so implied by the results of the field ol;lservation <FigA~l.l>. · 
The corpora lutea is eften indistinct; this caused difficulty in distinguishing 
between maturity stages 4 and 5. The data of maturity stage 4 niay therefore 
occasionally include stage 5 also. 
One woodland female was observed to be parasitized by Nematoda. 
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4.1.4 Elyt:rm Lelllgth 
The data summarised in Table 4.1. 7 suggest that the elytra length of the fe-
male was significantly larger than that of the male in both habitats (in woodland 
t420::::: 5.59, p < 0.001; in grassland t416 = 6.85, p < 0.001). Also, the difference 
between sexes was larger in grassland than in woodland. The elytra length of 
grassland individuals was significantly larger than that of woodland individuals 
of both sexes (female t353 = 6.07, p < 0.001; male t4s3 = 6.17, p < 0.001). 
4.1.5 The Ratio of Abdomen to Elytra Length 
During field work, some individuals with swollen abdomens were observed. 
The reasons for this were found during dissection to be the presence of developing 
or mature reproductive organs and/or a large fat body. The ratio of abdomen 
length to elytra length was measured in all individuals caught in order to pro-
vide information on the seasonal changes in maturity and to obtain fat body 
information. 
The ratios of abdomen to elytra length of woodland individuals are sum-
marised in Fig.4.1.7a. The ratios in females were large from early June to late 
July (in periods no.3:_6). In period no.4, a mature female was found to hold 32 
eggs <Table 4.1.10a> and a copulation was observed in the field. In period no.6 
a spent female was collected <Fig.4.1.6a, b> which contained an egg whose size 
was the largest measured during the whole observation term in woodland <Table 
4.1.9a>. The oviposition season in woodland therefore seems to have occurred 
in late June (period no.4). Also, a mature female was found with 14 eggs in late 
August (period no.8) <Table 4.1.10a> whereas only few females were observed 
in July (periods no.5,6). From these results, it is concluded that the oviposition 
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~eason seelllS to have occu_rred at the Durham woodla!!d site twice, mainly in 
Jun~ and secondly in August. In addition to larger egg volume and number, 
the greater ratios of abdomen/elytra length of females iii the earlier oviposition 
season seem to indicate that most of the ovipo~ition occurre~ during-t~at season 
(periods no.5,6). Though the sample was small in late Oetqber and -November 
(periods no.13-15), large ratios of abdomen/elytra, length of both sexes were 
again observed and were possibly due to the storage of fat for .overwintering. 
This may correlate with large distance movements of the few individuals in tp.e 
third period <Fig.4.1.3a>. 
The results of the shorter-term grassland study, illustrated by Fig.4.1.7b, 
show a pattern of change similar to t_hat observed in woodland. The large ratio 
of abdomen/elytra length in July occurred at the time when the maxii:nu:in egg 
size (of spent felll.ales) was observed <Table 4.1.9b>. The largest number of 
mature females was observed in early August <Fig.4.1.6c, d>. The largest mean 
number of eggs per mature female was al!'lo recorded in early August and after this 
time the number decreased <Table 4.1.10b>. Three copulations were witnessed 
in the field during August (periods no.7, 8). From these results, the oviposition 
season in grassland is taken to ,be continuous-during July_ and August (periods 
no.5-8). Although the study in grassland started after July, earlier oviposition 
cannot be ruled out. 
A comparison of the ratio of abdomen/ elytra length for females in both habi-
tats in periods no. 7-10 reveals larger values in grassland than woodland for both 
sexes <Table 4.1.8>. The emergence season was probably earlier in grassland 
than in woodland so that the grassland individuals had more time to develop and 
to store nutrients. Living conditions in grassland may be more favorable than 
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those fo\!n"d in woodland habitats in summer. _For ex~mple, higher ground-sur.face 
temperatures were recorded in grassland than in woodland during summer and 
fewer natural enemies were observed in grassland. Fewer sp~des of Carabidae 
and a higher proportion .of P. madidus were obse:rved in grassland, .so co~peti .. 
tion may be less within the genus iii grassland than woodland. (In grassland, 17 
species, 72.5%; in woodland, 20 species, 53.6%: periodsuo~7-17) <Table 4.1.14>. 
41.1.18 MBI.Illdiblle tip length 
,· 
The mandible tip length of each individual in ~elation to its maturity stage 
is shown iri. Fig.4.1.8a, b, c, d. 
Table 4.1.11 provides a comparison of mandible tip length of all individuals 
in each habitat for both sexes. It. shows that the woodland individuals have a 
signifit(l;lltly larger mandible tip length for each sex than the grassland individuals 
{female tsa = 2.40, p = 0~020; male tas = 2.15, p = 0.038). However, th~ 
difference between sexes in each habitat are ii6t significant {woodland t47 = 1.44, 
p = 0.158; grasslan:d t4o ~ 0.32, p --:- 0.751). The mandible tip le11gths are 
independent of the elytra lengths observed in each habitat. 
4.Jl..6.1 The Mandible Tip Length. of Females 
For newly emerged individuals (stages ofmatm:ity 1, 2), woodland females 
showed a relatively dense grouping of the maximum mandible tip lengths com-
pared with those of grassland females <Fig.4.1.8a, b>. The mandible tip lengths 
of newly emerged females did not differ between the two habitats <Table 4.1.12> 
(t2s = 0.65, p = 0.520). The mandible tip lengths therefore appear to be indepen-
dent of the elytra lengths observed in.each habitat. In other words; the woodland 
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female has a larger ratio of mandible tip to elytra length than the grassland fe-
male. The grassland females whose stages of maturity are 3-7 may be divided 
into two groups (by the differences of the mandible tip length) by plotting on 
probability paper <Fig.4.1.8b, Fig.4.1.9c, d>. It is therefore concluded that the 
grassland female group whose stages of maturity are 3-7 is probably composed 
of two generations, one of which is the second-year survivors whilst the other 
comprises the third year survivors. For the woodland females of the same matu-
rity stage group, the same plot <Fig.4.1.9a, b> does not show clear subgroups. 
Therefore it might indicate that the woodland female group of maturity stages 
3-7 is composed of one generation only. 
4.1.16.2 Tb.e Mandible Tip Length of Males 
Data plotted on probability paper show one group for woodland individuals 
<Fig.4.1.8c, Fig.4.1.9e> and two groups for grassland individuals <Fig.4.1.8d, 
Fig.4.1.9f>. Therefore the woodland male group seems to consist of one newly 
emerged generation and the grassland male group seems to be composed of two 
generations, one of which is a newly emerged generation and the other a second-
year surviving imago generation. Almost all woodland males may have died after 
the spring oviposition at the latest, while some of the grassland males seem to 
have survived after that period. 
The following suggestions are made using the data of Table 4.1.12, Fig.4.1.8a, 
b, c, d, Fig.4.1.9b, d, e, f: 
1. Females in both habitats emerge with almost the same length of mandible 
tip despite the significant difference in elytra length (the elytra lengths of 
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grassland females were larger than those of woodland females). The reason 
for this might be that the food supply for P. madidus at the grassland site is 
better than that in the woodland. If so, the mandible tip length may not be 
influenced by food supply as easily as the elytra length, or the difference of 
food supply (qualitatively and/or quantitatively) may influence the mandible 
tip length. 
2. The grassland groups of both sexes have one more adult generation than 
the woodland groups, i.e. the grassland female has three adult generations 
while two adult generations are found for the woodland female. Similarly, the 
grassland male has two adult generations while only one adult generation is 
found for the woodland male. 
Possible reasons for this may be: 
(i) a longer severe winter condition in grassland. Van Dijk (1972) and Luff 
(1973) suggest that, going from an Atlantic to a continental climate, the larval 
overwintering species reproduce more and more in the second year or even in a 
later year. The earlier in the year the seasonal conditions become unfavourable, 
the more beetles will reproduce only for a very short period and the more they 
may be expected to continue reproduction in the next year after overwintering; 
(ii) in grassland, fewer natural enemies and lower competition within family 
allow longer survival; 
(iii) previous studies (Williams 1959, Greenslade 1963, 1965) and the present 
study suggest that this species is found more in grassland habitats than in wood- -
land habitats so that the living conditions may be more favourable in grassland 
than in woodland. 
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The suggestions 1. and 2. (previous page) assist the interpretation of the 
disproportionate results of Table 4.1.11 with Table 4.1.7, in which even though 
the elytra lengths of grassland individuals are significantly larger than those of 
woodland individuals, the mandible tip lengths of fol\;;;,/e ((lllo•J.t~" of both habitats 
are not different. 
Because of the different speed ofmaturation of the two sexes, the individuals 
whose maturity stage is 1 are selected here in order to see their original mandible 
tip length. The result of comparison between both sexes of woodland individuals 
is that the female callow is observed to have a significantly larger mandible tip 
length than the male callow <Table 4.1.13> (t21 = 3.04, p = 0.006). This result 
is consistent with the result of elytra lengths between sexes. Unfortunately, the 
same kind of comparison cannot be made for the grassland individuals, because 
of a lack of samples. 
DISCUSSION 
The numbers captured may be influenced by movement distance~, smce 
greater activity may lead to a higher chance of capture in pitfall traps. Therefore, 
the data in Fig.4.1.1a, b and Fig.4.1.4a, b should be considered together. 
Before discussing the conclusions, the influence of distance of movement on 
the probability of capture must first be quantified. Fig.4.1.10 shows the capture 
possibility in relation to the distance from the point of release. This indicates that 
the results in Table 4.1.3 are underestimated more for smaller mean distances 
than larger distances, i.e. the mean distance moved by females is underestimated 
more than that of males so that the true significances of differences between two 
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groups may in fact be greater than the derived results indicate. 
In woodland, the ratio of females to males amongst non-callows is esti-
mated to be higher than amongst callows. This is supported by previous results 
(Greenslade 1965, Luff 1973) which demonstrated that the female survival ratio 
is higher than that of the male. Because the sex ratios of non-callows in periods 
no.7-10 and in periods no.1-6 do not differ very much, the sex ratio might be 
stable in woodland. 
In grassland, the number of female callows captured in periods 7-10 is esti-
mated to be about the same as that of males. The male to female ratio amongst 
non-callows is much higher than that of callows. This is supported by the re-
sult that movement of males from woodland to grassland was more frequently 
observed than movement in the opposite direction. The reasons for this may be: 
1. the movements in both directions occured at the same rate but, after moving, 
the lower survival of woodland males did not lead to as much transfer from 
grassland to woodland as in the opposite direction and/or 
2. the movements themselves occurred at the rate shown in Table 4.1.5 because 
of the preference of individuals. 
The observed significant difference of sex ratio provides evidence for quite 
different living conditions in the two adjacent habitats. 
When Table 4.1.1 and Table 4.1.3 are considered together for the woodland 
individuals, the comparisons between the first and the second periods reveal 
certain features; Table 4.1.14 sumarizes these. It shows a changing recapture 
rate from the first period of abundance to the second period of abundance: 
o from 0.239 to 0.299, i.e. an increase of 1.3 times for males and 
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o from 0.116 to 0.256, i.e. an increase of 2.2 times for females. 
If the proportion of females in woodland in 1987 had also been almost 50%, 
as in 1988, the results imply that more males had died before the spring than 
females and more females died during the first peak of abundance than males. 
The present study of the P. madidus life cycle in Durham provides some 
results that differ from the life cycles observed during two previous studies: that 
of Luff (1973), who studied the seasonal life cycle of P. madidus in a cultivated 
field near Newcastle upon Tyne, and that of Houston (1970), who studied at a 
moorland habitat in the uplands in northern England. 
At the Durham woodland site, oviposition seems to occur mainly in June 
and August. Larvae overwinter and emerge from the following mid-July to early 
September. The callows probably become mature in the following spring, because 
the oviposition season is overlapped with the emergence season. Probably some of 
the females which oviposit in the spring die and some of the remaining surviving 
females oviposit again in August and early September. Some of the spent and 
developing females were observed to have small immature eggs, irrespective of 
the oviposition seasons. Also, the total numbers of each peak of abundance were 
not significantly different even though the caliows were added. Two oviposition 
seasons in one year are reported by Greenslade (1965) and Luff (1973). 
At the Durham grassland site, oviposition seems to occur in July and August. 
After larval overwintering, imagines emerge. From observation, emergence seems 
to occur earlier in grassland than in woodland: from June to August in grassland 
and from late July to mid-September in woodland. In grassland, as shown in 
Fig.4.1.1b, the frequency of capture after late October decreases more rapidly 
than for the woodland individuals. The reason for this is thought to be that the 
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living conditions in grassland become more severe than in woodland in winter 
because the ground is more directly exposed. Therefore grassland P. madidus 
seems to have a shorter favourable period and to become inactive for longer than 
the woodland individuals. 
Luff (1973) studied annual activity and suggested four periods of change in 
sex ratio: 
1. early summer activity of overwintered, mostly female beetles; 
2. mid-summer activity of newly emerged beetles of both sexes; 
3. late summer activity of mature, mostly male beetles; 
4. autumn activity of mature and spent, mainly female beetles. 
Oviposition was observed from the middle of section 3. to the middle of 
section 4. Greenslade (1965) also reported on section 3 .. 
The present study of annual activity patterns produced results similar to 
those of Houston (1970) for an upland site in northern England. Houston's 
study shows a gap of captures between two abundance peaks in July and early 
August while the present work shows a gap in July. The reason why the abun-
dance gap was found at the Durham woodland site is implied by the result of 
Fig.4.1.8c (mandible tip length). Second year surviving males, detected by the 
measurements of mandible tip lengths, were not observed in woodland so per-
haps, after the spring oviposition, almost all males died. Similarly, the results of 
Table 4.1.6 imply a low ratio of female survivors to new generation individuals, 
so that a number of females may also have died after the spring oviposition. 
In addition, female survivors became quite inactive, in contrast with the male 
survivors <Fig.4.1.5a, c>. This inactivity is also displayed by Houston's results. 
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The present study offers support for the first two of the four sections of 
change in sex ratio suggested by Luff (1973). With reference to the above list of 
the four sections: 
1. Overwintered Durham woodland females appeared earlier than the overwin-
tered males. 
2. When the callows are isolated, both sexes appeared with almost the same 
ratio in both Durham habitats. 
3. This section was not observed, perhaps because of both the different life cycle 
in woodland and the high male ratio in grassland. 
4. This section fits the result in grassland; only a few females were observed in 
October and November. However, in woodland this is not clear and after mid-
September both sexes appeared with almost the same ratio, again probably 
in part because of the different life cycle. 
When the comparisons are made between the study of the Durham woodland 
site, Luff's lowland study, and Houston's upland study, an order of progressively 
less favourable habitats may be inferred for the P. madidus life cycle: 
(i) lowland at Newcastle upon Tyne 
(ii) the woodland at Durham 
(iii) upland in the Pennines. 
The reasons for this order are: 
1. emergence occurred later in the order presented because severe and longer 
winter conditions may delay larval development and metamorphosis. 
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2. habitats (i) and (ii) have two separate oviposition seasons but habitat (iii) has 
one oviposition season in one year, because of the relatively shorter duration 
of favourable conditions for (iii). 
3. a transfer can be found from mainly autumn breeding of (i) to mainly spring 
breeding of (ii) and then to only spring breeding of(iii) because of the varia-
tion of the duration of favourable conditions for maturation after emergence. 
The following conclusion is drawn from these comparisons. For emergence, a 
risi_ng temperature is necessary in addition to or instead of a photoperiodic signal. 
This fits the result that, in Durham, the grassland callows seem to emerge earlier 
than woodland callows. Because grassland is an open environment, a rise in 
temperature at the onset of summer would be expected to occur earlier than in 
woodland. 
From a comparison of the previous and present studies, Pterostichus madidus 
in Great Britain is found to be, depending upon the severity of the environment, 
1. a univoltine summer-autumn breeder; 
2. a mixture of a univoltine summer breeder and a semivoltine spring breeder; 
3. a semivoltine ·spring breeder. 
At the same time, it is concluded that the emergence season shifts from late 
spring-early summer to autumn, and the breeding season from summer-autumn 
to spring. 
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<Table 4~1.1> The :number of males and females of Pterostichus madius 
calllght in the two main peX'iods of abundance (periods no.l~5 and 7~10) 
at the two habitats 
P. madidus Woodland Grassland 
Period no. 1-5 7-10 7-10 
Female 129 121 148 
Male 67 97 266 
(Total) 196 218 414 
<Table 4.1.2> The number of callows a:nd non-callows of Pterostichus madius 
caught at the two habitats in periods no. 7-10 
P. madidus Woodland Grassland 
Period no. Callow Non-callow Callow Non-callow 
Female 35 86 19 129 
Male 36 61 17 249 
(Total) 71 147 36 378 
Female ratio 50.7% 52.3% 
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<Table 4.1.3> Distances moved by bodll sexes of 
Pterostichus madidus in the two habitats. 
Recapiunres dlul.lrim.g periods no. 7'~10 Bl.lfe separated 
from tllllose dll!:ring periods no.1Q6 
Periods no. 1-6 
Sex Female Male 
5.3547 8.2864 
Wood- 15 16 
land 5.2706 4.8329 
1.3609 1.2082 
Grass- 0 0 
land 
7-10 
Female Male 
5.3522 10.5390 
31 29 
4.9999 8.2961 
0.8980 1.5405 
5.5266 9.8525 
29 98 
5.5428 5.8907 
1.0293 0.5951 
in each cell 
mean (m) 
sample number 
st. deviation 
st. error 
<Table 4.1.4> Distances moved by both sexes of Pterostichus madidus 
in woodland in periods no. 7-10, 
sepaurating the captu:res made in periods no.1-6 
from those made in periods no. 7-10 
Periods no. 
Sex 
Data 
whose capture 
were in periods 
no.l-6 
Data 
whose capture 
were in periods 
no.7-10 
7-10 
Female Male 
5.7250 11.1209 
6 2 
. 7.1668 9.7282 
2.9259 6.8788 
5.2627 10.4963 
25 27 
4.9275 8.1054 
0.9857 1.5599 
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in each cell 
mean (m) 
sample number 
st. deviation 
st. error 
<Table 41.1.5> NumbeT of :recaptures of Pterostichus madidus 
in the two habitats (periods no. '/al'r) 
Habitat Woodland Grassland (Sex total) 
44 30 74 
Female 42 30 72 
2 0 2 
60 98 158 
Male 43 94 137 
17 4 21 
104 128 232 
(total) 85 124 209 
19 4 23 
in each cell -
total number of recaptures 
number of recaptures in the same habitat 
number of recaptures in the alternative habitat 
<Table 4.1.6> Comparison of the number of emerged and survival females 
of Pterostichus madidus 
stage of maturity 1 and 2 as emerged individual, 6 and 7 as survival individual 
(periods no.6al0 in woodland and periods no.6-8 in grassland) 
See also Fig.4.1.7a,b. 
Habitat Woodland Grassland 
Emerged female 28 9 
Survived female 6 8 
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<Table 4.1. 7> Elytra len.gth of botlh sexes of Pterostichus madidus 
in the two habitats 
Habitat Woodland 
8.458 
201 
Female 0.388 
0.027 
8.249 
221 
Male 0.379 
0.025 
8.349 
(Habitat 422 
total) 0.397 
0.019 
Grassland 
8.712 
154 
0.395 
0.032 
8.455 
264 
0.355 
0.022 
8.550 
418 
0.390 
0.019 
(Sex total) 
8.568 
355 
0.410 
0.022 
8.361 
485 
0.380 
0.017 
8.449 
840 
0.406 
0.014 
43 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
<Table 4.1.8> The :ratio ofabdomen to elytra length of Pterostichus madidus 
in periods no.'ralO in the two habitats 
Habitat Woodland 
1.0116 
155 
Female 0.0272 
0.0022 
1.0104 
161 
Male 0.0306 
0.0024 
1.0110 
(Habitat 316 
total) 0.0289 
0.0016 
Grassland 
1.0269 
147 
0.0508 
0.0042 
1.0128 
264 
0.0318 
0.0020 
1.0179 
411 
0.0402 
0.0020 
(Sex total) 
1.0191 
302 
0.0411 
0.0024 
1.0119 
425 
0.0313 
0.0015 
1.0149 
727 
0.0359 
0.0013 
44 
in each cell 
mean 
sample number 
st. deviation 
st. error 
(a) 
(b) 
<Ta.lbRe 4.1.9> MeaJm egg volume of Pterostichus madidus 
in ll'eli&iion to siage of matu.:riiy (in 2~week periods) 
(a) in woodliand {b) illl grassl&lilld 
Maturity level 
Period no. 
2 
6 
8 
10 
(Maturity stage 
total) 
Maturity level 4 
Period no. Developing 
6 . 1466 
1 
7 
8 1309 
1 
9 
(Maturity stage 1388 
total) 2 
4 6 7 
Developing Mature Spent 
1081 
1 
3221 
1 
1342 1932 
1 1 
1862 
1 
1081 1342 2338 
1 1 3 
6 7 (Period 
Mature Spent total) 
2075 3361 2301 
1 1 3 
1470 1470 
4 4 
2601 1955 
1 2 
1309 1309 
1 1 
1759 2355 1800 
6 2 10 
(Period 
total) 
1081 
1 
3221 
1 
1637 
2 
1862 
1 
1888 
5 
in each cell 
mean (mm3) 
sample number 
(The egg volume used here is that of the largest egg of a given female) 
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<Tcn.foRe 4.1.10> Merun. Xll.1lll.mbe:r of eggs ccn.r:ried by female Pterostichus madidus 
in relcn.iion to sicn.ge of mcn.tuurity in 2aweek peJ.d.odls in each cell 
(at) in wood!cn.ndl {b) in g:rcn.sslcn.nd mean number 
(a) sample number 
Stage of maturity 1 2 3 4 5 6 7 (Period 
Period no. Callow Undeveloped Regressed Developing Redeveloping Mature Spent otal) 
2 10 10 
1 1 
4 32 32 
1 1 
6 0 1.33 
2 3 
7 0 0 
4 4 
8 0 0 0 14 5 1.27 
7 5 1 1 1 15 
9 0 0 0 0 
5 5 2 12 
10 2.67 2.67 
3 3 
(Stage of 0 0 0 10 23 3.04 1.87 
maturity total) 18 10 3 1 0 2 5 39 
(b) 
Stage of maturity 1 2 3 4 5 6 7 (Period 
Period no. Callow U ndeve_loped Regressed Developing Redeveloping Mature Spent total) 
5 0 0 
3 3 
6 0 0 19 13.50 1 5.88 
3 1 1 2 1 8 
7 0 0 15.25 6.78 
3 2 4 9 
8 0 0 0 5.50 5 2.67 
1 1 1 2 1 6 
9 0 6 2.00 
2 1 3 
11 0 0 
2 2 
(Stage of 0 0 0 10.00 13.29 3.50 4.19 
maturity total) 7 4 8 3 0 7 2 31 
4() 
<Table 4.1.11> Mandlible tip length of both -sexes 
of Pterostichus madidus in the two hmblit&ts 
Habitat Woodland 
2.2139 
36 
Female 0.4199 
0.0700 
2.0794 
17 
Male 0.2570 
0.0623 
2.1708 
(Habitat 53 
total) 0.3782 
0.0519 
Grassland 
1.9105 
19 
0.4930 
0.1131 
1.8696 
23 
0.3355 
0.0700 
1.8881 
42 
0.4093 
0.0632 
(Sex total) 
2.1091 
55 
0.4653 
0.0627 
1.9587 
40 
0.3188 
0.0504 
2.0458 
95 
0.4148 
0.0426 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
<Table 4.1.12> Mandible tip length of female Pterostichus madidus 
whose maturity stages are i and 2 in the two habitats 
Habitat Woodland Grassland (Total) 
Mandible mean (mm) 2.4663 2.4143 2.4542 
Tip sample number 23 7 30 
length st. deviation 0.1799 0.2015 0.1829 
st. error 0.0573 0.0762 0.0334 
<Table 4.1.13> Mandible tip length of both sexes of Pterostichus madidus 
whose maturity stage is 1 (callow) in woodland 
Sex Female Male (Total) 
Mandible mean (mm) 2.4911 2.4083 2.3804 
Tip sample number 14 9 23 
length st. deviation 0.1783 0.2695 0.2552 
st. error 0.0477 0.0898 0.0532 
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<Table 4.1.14> The recaptu:re :ratio and the changing ratio 
of woodland Pterostichus madidus 
for th.e :lli:rst period and the second period! of abundance 
Sex Male Female 
Period no. of abundance I n I II 
Cap- (Callow) (36) (35) 
ture Total 67 97 129 121 
Recapture 16 29 15 31 
Recapture ratio 0.239 0.299 0.116 0.256 
Increasing ratio of recapture 1.251 2.207 
rom period no. of abundnce I to II 
48 
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< Fig.4.1.1 b> Frequency of capture (including re-capture) olf 
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<Fig.4.1.2a> Proportion(%) of the cumulative number of Pterostichus ma-
didus in woodland by 2-week period 
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<Fig.4.1.2b> Proportion (%) of the cumulative number of Pterostichus ma-
didus in woodland in periods no. 1 - 6 and 7 - 17 
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<Fig.4.1.3a> 
Number of Pterostichus madidus per pitfall in 2-week 
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< Fig.4.1.4a> Distance between capture and re-capture points 
(by 2-weelk periods) 
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< Fig.4.1.4b> Distance between capture and re-capture points 
(by 2-week periods) 
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<Fig.4.1.5> The distribution of frequency for the distance of movement of each sex of Pterostichus madidus ill the two habitats (in three 
divided periods l If capture and recapture habitats are different, the datum is put into the capture habitat. 1 sex 1 r 1 female 
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<Fig.4.1.6> Stages of maturity of £..teyostichus m.adidus 
caught in successive 2-week peJdo<lls in woo<llland 
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< Fig.4.1.6> Stages of maturity of Ptero3tichus .mJLdidu.s. 
caught in successive 2-week periods in grassland 
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< Fng.4.1. 7a> Abdomen/ enytra length ratio nn 2-weelk pe!dodls 
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< Fig.4. L 7b> Abdomen/ elytra lenglh ratio in 2-week periods 
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<Fig.4.1.8a> Mandible tip length of Pterostichus madidus by 2-week peri-
ods, with maturity stage 
(Maturity stages are plotted) 
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<Fig.4.1.8b> Mandible tip length of Pterostichus madidus by 2-week peri-
ods, with maturity stage 
(Maturity stages are plotted) 
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of Pterostichus madidus by the differences of the mandible tip length 
(%) 99.99 0 
99.9 Sample number: 32 
99.8 
99 
98 
95 
90 
0 
.'30 
-
-
> ;-o 
0 
-
1)0 
-
~ 
-
50 New generation r . ...-
-
~ ~0 
~ 
:30 0 
:20 
-
10 
0 
-
"-
.j 
2 0 
'\_ 2 d . n year surv1 vors 
0 
0.5 
0.2 
0.1 
0.0.5 
1).01 
!.() l.5 '2.0 (mml 
:VIandible tip len~th (mm 1 
<Fig.4.1.9b> Proportion(%) of the cumulative number of woodland females 
of the maturity stages: 3 - 7 of Pterostichus madidus by the differences of the 
mandible tip length 
99.99 0 
99.9 Sample number: 9 
99.8. 
99 
98 
95 
90 
" so 
- ~ > iO - 60 0 --
-
.)0 
~ - 0 ._ -W ~ 0 30 20 
J ·-- 10 
- .') 0 
2 
O.Ql 
l.O l.5 2.0 (mmi 
:VIandible tip length ( mml 
<Fig.4.1.9c> Proportion(%) of the cumulative number of grassland females 
of Pterrostichus madidus by the differences of the mandible tip length 
(%) 
.. 
-
;.. 
-
c.; 
-
-
·-
~ 
-~ 
-
99.99 
99.9 
99.8 
99 
98 
95 
90 
80 
i'O 
tiO 
30 
.\0 
:JO 
'20 
10 
.j 
:2 
0.5 
0.2 
0.1 
0.05 
0.01 
0 
Sample number: 17 
0 
0 
0 
l.O 1.5 2.0 '2.5 
Ylandible rip len~th ( mm 1 
<Fig.4.1.9d> Proportion(%) of the cumulative number of grassland females 
of the maturity stages: 3 - 7 of Pterrostichus madidus by the differences of the 
mandible tip length 
-
-~ 
-
~ 
-
-
'-
~ 
~ 
.s 
3" 
-
99.99 
99.9 
99.8 
99 
98 
95 
90 
80 
7"0 
tiO 
.so 
-!0 
30 
:20 
10 
.'j 
2 
0.5 
0 •) •W 
0.1 
0.05 
0.01 
Sample number: 11 
'"'-,2nd year survivors 
I 
~:::_ 3rd year survivors 
1.0 l.5 2.0 ( rnrn l 
~andible tip length (mm) 
<Fig.4.1.9e> Proportion (%) of the cumulative number of woodland males 
of Pterrostichus madidus by the differences of the mandible tip length 
(%) 
-
-
> 
-
-
-
-
-
-
~ 
-
-
99.99 
99.9 
99.8 
99 
98 
95 
90 
.-30 
TO 
130 
)0 
.. w 
:30 
20 
10 
.') 
2 
0.5 
0 •) ... 
0.1 
0.05 
0.01 
Sample number: 16 
0 
0 
0 
!.0 1.5 2.0 (mml 
:VIandible tip IP.n~th i mm I 
<Fig.4.l.Sf> Proportion (%) of the cumulative number of grassland males 
of Pterrostichus madidus by the differences of the mandible tip length 
(%) 
-
-
> 
-
-:.. 
-
-
~ 
'"' 
"' 
--
-
-
-
99.99 
99.9 
99.8 
99 
98 
95 
90 
so 
i"O 
60 
.so 
-40 
:30 
:.!0 
10 
1 
2 
0.5 
0.2 
0.1 
0.05 
0.01 
Sample number: 21 
0 
"' \-New generation 
0 
0 
~ 
'-2nd year survivors 
0 
l.O [..j :!.0 ( mm i 
'vlandible rip len~th I nun) 
4 Results for Each Species 
<Fig.4.1.10> The p(obability of capturea~rd'm!~lonof movement distance 
(Avertl~ 1;+foJI c>L~ ~ ~ .r;~) 
e,~ A 3m annulus 
including 4 pitfalls 
4 X 6.52Jt 
32 X 104 71" · /-_ 
'7 The pitfall apertures p/lvu~'1' ""Ratio of area£= 
Area of an annulus 
25 
~ 20 
I 
~ 
' 
·x. 
~ 
~ 
~ 15 
t 
j 
10 } 
"-.j 
5 
0 3 6 9 12 
e.~_ An annulus of radius 3 < r ~ 6m 
includes 8 pitfalls 
8 X 6.52 7L 
(62 - 32) X 104 71" 
9 &. a o 
15 18 21 24 27 30 
Distance of movement ( m) 
Study 
S.England 
Beech wood, 
BrackenArable land 
Grass heath 
Greenslade 
1965 
S.En~?;land 
Weedy 
cultivated land, 
Strawbery field 
Briggs 
1965 
N.England 
Walled garden, 
Cultivated land 
Luff 
1973 
N.England 
Grassland 
Present study 
1988 
N.England 
Woodland. 
Present study 
1988 
N.England 
High moorland. 
Cowgreen 
Houston 
1970 
breeding 
larvae 
emerging 
imagines activity 
<Fig.4.1.11> The resu!ts of previous and present study of 
life cycle of Pterostichus madidus 
Life cycle 
·---·--·--·--·- ---·--·--
--------
J F M A M .J .l A s 0 N D 
.l F M A M J .J A s 0 N D 
----
.l F M A M J J A s 0 N D 
------- -· 
J F M A M J J A s 0 N D 
----. 
--
--
J F M A M J .J A s 0 N D 
---- -· 
J F M A M .J .J A s 0 N D 
4 Results for Each Species 
PREVIOUS INFORMATION 
Nebria brevicollis is found mainly in woodland litter (Greenslade 1964), al-
though the species is very eurytopic (Lindroth 1974). 
Detailed laboratory studies of the development of this species were made by 
Thiele (1969, 1971 ). 
Field studies were performed as follows: 
o Gilbert (1958) studied at a gray-dune and marram grass lowland site in north-
ern Wales. 
o Greenslade (1964) studied at beech wood, bracken, arable land and grassland 
sites in Berkshire. Penny (1969) reported results from lowland woodland in 
southern Scotland. 
o Thiele (1969, 1971) and Krehan (1970) studied at forest sites at 65m above 
sea level in Koln in West Germany. 
Museum data were analysed by 
o Larsson (1939) in Denmark 
o Lindroth (1945, 1949) in Scandinavia. 
Nebria brevicollis is "an autumn breeder with a thermic hibernation para-
pause in the larva and a photoperiodic aestivation parapause in the adult" (Thiele 
1977). The larva hatches later in the year, then hibernates. (Cold is obligatory 
for hibernation from the 1st to the 3rd larval stages). Next spring, the adult 
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emerges. (High temperature is needed for larval transformation). Changeover 
to a short-day photoperiod provides the signal for egg-ripening; 16-17h light per 
day was found to be the critical photoperiod in the experiments by Thiele (1969, 
1971), i.e. the beginning of July onwards. Maturation in short-day proceeds 
much better at 15°C than at 20°C (Thiele 1971). During the summer interrup-
tion in ovarian development, the females of Nebria brevicollis become inactive 
following fat storage (Thiele 1969, 1971), whereas starved N. brevicollis remain 
active (Penny 1969). Females begin to reproduce 2.5 months after the summer 
solstice. Maturation of the male is more or less independent of photoperiod 
(Thiele 1969, 1971). 
Consider the results of field studies of the development of the imago. (See 
Fig.4.2. 7, and Appendex E for meteorological data.) 
e In southern England (Greenslade 1964), emergence has been reported to occur 
at the end of April-early June (mainly in May), and a maximum activity 
related to oviposition has been observed in October. Mature females have 
been observed in autumn and winter, and larvae from November until early 
spring. 
€> In northern Wales (Gilbert 1956) emergence occurred in May-June and breed-
ing in September-November. 
0 In uplands in northern England (Houston 1970), breeding was found in August-
September. 
@ In southern Scotland (Penny 1966), emergence was observed in mid May-mid 
June and breeding in September-February (mainly in September-October). 
For other European countries; 
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o In Koln, West Germany (Thiele 1969); emergence was reported in May-June, 
with complete aestivation for five weeks and then breeding in September-
October. 
o In Denmark (Larsson 1939); emergence occurred in June and breeding in mid 
August-September. 
o In Scandinanvia (Lindroth 1945, 1949); maximum a.Ctivity wa.s observed in 
June and a small peak of activity in August. 
RESULTS 
4.2.1 Numbers Captured 
The data on the frequency of capture of N ebria brevicollis in the Durham 
woodland <Fig.4.2.1a> show two peaks of abundance and/or activity in periods 
no.3 and 10 for females and in periods no.5 and 10 for males. This is confirmed 
by plotting the data on probability paper <Fig.4.2.2a, b>; the result shows peaks 
in mid-June and mid-September (periods no.3 and 10) for females and in early 
July and mid-September (periods no.5 and 10) for males. Table 4.2.1 shows the 
proportion of females captured in the two halves of the study period (periods 
no.l-7 and 9-17) in the two habitats. In woodland, the proportion of males 
may have been lower in the second half than the first, though the significance 
of the difference was low (xt = 1.96, p > 0.05). The same comparison cannot 
be made in grassland because of the late starting of the sampling. During the 
second half of the study, the proportion of females captured was significantly 
larger in grassland than in woodland (x~ = 10.03, 0.001 < p < 0.01). A few of 
the captures in woodland in the first half of the study were of callows in June 
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(periods no.3 and 4): See Fig.4.2.1a. 
The data in Fig.4.2.3a, b show the captures per pitfall in the two habitats 
after period no.7. Although the timings of the peaks of abundance and/or activity 
could not be identified accurately, the start of the second peak of abundance 
appeared to be earlier in woodland than in grassland. Females remained more 
abundant and/or active later in grassland than in woodland. 
4.2.2 Dwt&nce of Movement 
The data summarized in Table 4.2.2 indicate that both sexes of N. brevicollis 
may tend to move further in woodland than in grassland, though the differences 
are small (female: U = 12.5, p > 0.10; male: U = 23.0, p > 0.10). Differences 
in movement distance between sexes are also not significant (in woodland: t24 = 
0.48, p = 0.637; in grassland: U = 6.5, p ~ 0.10). Unfortunately the comparison 
of movement distances between the two halves of the study period in woodland 
cannot be shown because of a lack of appropriate data. The summarized data of 
Table 4.2.3, comparing the movements of both sexes in the two habitats in the 
second half of the study (periods no.9-17), show results similar to those above 
(male: U = 13.0, p > 0.10; female: U = 31.5, p > 0.10; woodland: U = 44.5, 
p > 0.10). 
One female was found to move from woodland to grassland within 18 females 
recaptured <Table 4.2.4>. One male moved from grassland to woodland within 
25 males recaptured. Movement of females from grassland to woodland and that 
of males from woodland to grassland were not observed. The populations of this 
species therefore seem to be quite closed in each habitat. 
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4.2.3 Stage of Matwoity 
In woodland, the stages of maturity of dissected animals <Fig.4.2.4a, b> 
show that female callows emerged in early June (period no.3), and male callows 
earlier than late June (period no.4) by the field observation <Fig.4.2.1a>. Ma-
ture females were observed from mid-September to late November (periods no. 
10-15) and males from mid-September to late October (periods no.10-13). In 
grassland, mature females were observed in late October and early November 
(periods no.13-14) but callows were not caught because of the late starting date 
for data collection in grassland <Fig.4.2Ac>. 
In early December (period no.16), two males did not have mature sperm. 
The following causes are suggested: 
1. They had matured once and resorbed sperm; or 
2. They failed to become mature or were maturing very slowly. 
4.2.4 Elytra Length 
The data summarized in Table 4.2.5 suggest that the elytra lengths of females 
were significantly larger than those of males in both habitats (in woodland two'= 
6.05, p < 0.001; in grassland t35 = 3.15, p = 0.003). For females, elytra lengths in 
woodland were significantly larger than those in grassland (t7o = 3.52, p = 0.001). 
For males, the elytra lengths of the woodland individuals tend to be larger than 
those of grassland individuals, though not significantly so (t65 = 1.28, p = 0.206). 
4.2.5 The Ratio of Abdomen to Elytra Length 
The ratios of abdomen/elytra length are shown in Fig.4.2.5a,b. The ratios 
for woodland females were large during the second peak of abundance from early 
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September to late November (periods no.9-14); in grassland, the ratios were 
large from mid-September to early December (periods no.l0-16). For males, the 
largest ratios were observed in late October (period no.13). Indeed, the largest 
ratio ofabdomen/elytra length occurred in late October (period no.13) for both 
sexes in the two habitats. 
4.2.6 Mandible Tip Length 
The mandible tip length of woodland individuals of Nebria brevicollis showed 
the presence of two subgroups for both sexes when plotted on probability paper 
<Fig.4.2.6>. The first group displayed mandible tip lengths which were both 
approximately equal for the two sexes and greater than the lengths observed 
in the second group. However, the second group showed female mandible tip 
lengths that were larger than those of the males. From these results, the following 
conclusions are drawn. 
1. The woodland individuals of both sexes are composed of two generations in 
which one is a new generation and another is a 2nd year surviving generation. 
2. The new generations of both sexes have almost the same mandible tip length 
despite a significant difference of elytra length (the female elytra length is 
larger than that of the male). 
3. The mandible tip of the male survivors is worn out more than that of the 
female survivors so that the males may use their mandibles more strenuously 
than the females. 
4. The difference between the male mandible tip length in the two subgroups 
is larger than that for the females. The males may take food for a greater 
fraction of the year than the females, especially during the first half of the 
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study. <Fig.4.2.1a>. 
Although the data. on the mandible tip length of grassland females are few, 
the following points are observed. For the grassland females: 
1. smaller mandible tip lengths were observed than those of the woodland fe-
males; 
2. the rate at which the mandible tip is worn out may be greater than that of 
the woodland females. 
The reason for 1. may be a difference of original mandible tip length between 
the females of the two habitats, because the elytra length of the woodland female 
was significantly larger than that of the grassland female <Table 4.2.5> and 
both populations of females were quite restricted to each habitat (See the results 
section of 4.2.2). The reasons for 2. may be 
(i) the grassland individuals consume different foods to those taken by wood-
land individuals, food which makes the mandibles wear away more quickly and/or 
(ii) the grassland individuals eat more than the woodland individuals. 
DISCUSSION 
When the data on the capture frequencies <Table 4.2.1> and movement dis-
tances <Table 4.2.3> are considered together for the second half of the study 
(periods no.9-17), the sex ratio of woodland individuals is seen to be approxi-
mately 1:1. The reason for this is that movement distances of both sexes do not 
indicate significant differences of their activities; the numbers captured of both 
sexes were approximately equal. From the results of movement distances, the 
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woodland individuals were observed to move futher than those in grassland for 
both sexes. (See the results section for movement distance <Table 4.2.3, Table 
4.2.4>.) 
In the woodland, emergence was observed in June (periods no.3 and 4) 
<Fig.4.2.1a, Fig.4.2.4a, b>. This agrees with the results of studies by Gilbert 
(1958), Greenslade (1964) and Penny (1969), in which_ Nebria brevicollis was 
found to emerge in spring. After emergence at Durham in June, few females 
were observed in woodland in July and August. This result also agrees with pre-
vious reports that females become inactive 2-3 months after emergence (Gilbert 
1958, Greenslade 1964). The peaks of the oviposition season seem to have oc-
curred in both Durham habitats in late October (period no.13). The evidence 
for this is that the two sexes w·ere observed to have both the largest ratio of 
abdomen/elytra length <Fig.4.2.5a,b> and the largest number of individuals 
during the latter half of the month <Fig.4.2.1a,b>. Oviposition in woodland 
seems to have occurred between early September and early November (periods 
no.9-15). The evidence for this is: 
1. large mean ratios of abdomen/elytra length for females were found during 
the second peak from early September to early November (periods no.9-14) 
<Fig.4.2.5a>; 
2. the data on maturity revealed the presence of mature females from mid-
September to late November (periods no. 10-15) <Fig.4.2.4a>; 
3. after the inactive period, many individuals of both sexes were found, from 
early September to mid-October (periods no.9-13) <Fig.4.2.1a>. 
In grassland, oviposition seems to have occurred mainly from mid-September 
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(or perhaps earlier) to November (periods no.l0-14); some ofthe females may 
perhaps have continued to lay eggs during winter. The evidence for this is three-
fold: 
1. high mean ratios ofabdomen/elytra length were observed from mid-September 
to early November (periods no.l0-14) <Fig.4.2.5b> and in early December 
(period no.16); 
2. mature females were observed from late October to early November (periods 
no.13 and 14) <Fig.4.2.4a>; 
3. high proportions of the total numbers of both sexes captured were found in 
late October and early November (periods no.13 and 14) <Fig.4.2.1b>. 
These conclusions concerning the oviposition season in the two habitats are in 
general agreement with previous studies (Gilbert 1958, Greenslade 1964, Penny 
1966), in which N. brevicollis was found to start to breed in autumn, 2-3 months 
after the summer solstice. The reasons why some of the females were expected 
to oviposit during winter are: 
1. in woodland, after the numbers captured fell (after period no.14), the egg 
volumes did not decrease <Table 4.2.6>, 
2. the numbers of eggs carried by a given female did not decrease in late Novem-
ber (period no.15) <Table 4.2.7a>. 
The conclusion that some of the females continued to oviposit is supported 
by the previous studies of Penny (1966), who found that females laid eggs until 
February; the 1st instar larvae appeared until April and the 2nd and 3rd in-
star until May. Tipton (1960) and Greenslade (1964) have also suggested the 
continuation of ovipoposition during winter. 
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The oviposition season seems to occur earlier in the Durham woodland than 
in the grassland. (See the results from Fig.4.2;3a, b) This supports the results of 
the study by Thiele (1971), in which female maturation proceeded much faster 
under lower temperatures (15°C was much more favourable than 20°C in the 
laboratory). The ground surface temperature in woodland is lower in summer 
than in the exposed grassland. 
The mean elytra lengths of the woodland individuals were larger for both 
sexes than those_ found in grassland <Table 4.2.5>. This might be because of 
better developmental conditions in woodland. Evidence in support of this is: 
1. a higher proportion of the total number captured is observed in woodland 
than in grassland in periods no.7-17 (13.6% in woodland; 6.4% in grassland); 
2. a balanced sex ratio is found (female percentages are close to 50%) amongst 
animals caught in woodland but significantly more females were found in 
grassland in the second half of the study; 
3. the late appearance of grassland individuals just before overwintering might 
indicate a lack of stored nutrients. 
A comparison of all the results of previous and present studies at he various 
geographical areas shows 
1. a shift of emergence (from May to June), and 
2. a shift-of breeding (from autumn-winter to late summer-autumn), i.e. as the 
environmental conditions become more severe, the duration of aestivation 
becomes shorter. See Fig.4.2.7. 
1. is in agreement with the suggestion of Thiele (1969, 1971), that a high 
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temperature is necessary for larval transformation. The comparison of monthly 
average temperatures suggests that emergence may be initiated at temperatures 
more than l0°C <Fig.4.0.2>. 
2. is also in agreement with the suggestion by Thiele (1969, 1971) that the 
breeding seasons are controlled by both temperature and photoperiodical signal, 
which inhibit the ovarian maturation. 
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<Table 4.2.1> The number of males and females 
of Nebria brevicollis 
caught during the two halves of the study (periods no.1-7 and 9-17) 
at the two habitats 
N. brevicollis Woodland Grassland 
Period no. 1-7 9-17 9-17 
Female 15 30 24 
Male 28 29 7 
(Total) 43 59 31 
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<Table 4.2.2> Distances moved 
by each sex of Nebria brevicollis at t.he two habitats 
N. brevicollis Woodland 
9.7551 
9 
Female 8.4078 
2.8026 
8.4096 
17 
Male 5.8776 
1.4255 
Grassland 
5.7838 
6 
8.1276 
3.3181 
3.3540 
2 
4.7434 
3.3541 
in each cell 
mean (m) 
sample number 
st. deviation 
st. error 
<Table 4.2.3> Distances moved by each sex of Nebria brevicollis 
during the second half of the study (periods no.9-17) 
N. brevicollis Woodland 
10.3363 
8 
Female 12.2666 
4.3369 
9.3417 
9 
Male 6.9335 
2.3117 
9.8098 
(Habitat 17 
total) 9.4936 
2.3025 
Grassland 
6.9403 
5 
8.5170 
3.8089 
3.3541 
2 
4.7434 
3.3541 
5.9157 
7 
7.4278 
2.8074 
bl 
(Sex total) 
9.0302 
13 
10.7197 
2.9731 
8.2531 
11 
6.8246 
2.0577 
8.6740 
24 
8.9644 
1.8299 
in each cell 
mean (m) 
sample number 
st. deviation 
st. error 
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<Table 4.2.4> Number of .recaptures of Nebria brevicollis 
at the two habitats (periods no.9-17) 
Habitat Woodland Grassland (Sex total) 
12 6 18 
Female 11 6 17 
1 0 1 
23 2 25 
Male 22 2 24 
1 0 1 
35 8 43 
(total) 33 8 41 
2 0 2 
in each cell 
total number of recaptures 
number of recaptures in the same habitat 
number of recaptures in the alternative habitat 
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<Table 4.2.5> Elytra length of both sexes of Nebria brevicollis 
in the two habitats 
N. brevicollis Woodland 
7.827 
45 
Female 0.364 
0.054 
7.302 
57 
Male 0.483 
0.064 
7.533 
(Habitat 102 
total) 0.506 
0.050 
Grassland 
7.526 
27 
0.325 
0.063 
7.090 
10 
0.486 
0.154 
7.408 
37 
0.417 
0.069 
(Sex total) 
7.714 
72 
0.378 
0.045 
7.270 
67 
0.486 
0.059 
7.500 
139 
0.486 
0.041 
63 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
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<Table 4.2.6> Mean egg vol1.llme of Nebria brevicollis 
in relation to stage of maiurrity in (2~week periods) 
(a) in woodland (b) in grassland 
(a) 
Stage of maturity 4 5 6 7 (Period 
Period no. Developing Redeveloping Mature Spent total) 
9 622 622 
1 1 
10 812 531 718 
2 1 3 
13 596 626 684 1087 674 
1 8 5 1 15 
15 898 899 
2 2 
(Stage of maturity 596 659 719 1087 699 
total) 1 11 8 1 21 
(b) 
Stage of maturity 5 6 (Period 
Period no. 'Redeveloping Mature total) 
13 653 872 708 
3 1 4 
14 729 729 
1 1 in each cell 
(Stage of maturity 653 800 712 
total) 3 2 5 sample number 
(The egg volume used here is that of the largest egg of a given female) 
S4-
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<Table 4.2.7> Mean number of eggs carried by female Nebria brevicollis 
im. relation to stage of maturity (in 2Qweek periods) 
(a) in wood!and (b) in grassland 
(a) 
Stage of 1 2 3 4 5 6 7 (Period 
maturity Undevel- Re- Devel- Redevel-
Period no. Gallow oped gressed oping opmg Mature Spent total) 
3 0 0 0 
1 1 2 
5 0 0 
1 1 
9 15 15 
1 1 
10 23.0 11 19.0 
2 1 3 
13 8 14.9 9.6 4 11.9 
1 8 5 1 15 
15 10.0 10.0 
2 2 
(Stage of 0 0 8 16.4 9.9 4 11.3 
maturity 
total) 1 2 0 1 11 8 1 24 
(b) 
Stage of maturity 5 6 (Period 
Period no. Redeveloping Mature total) 
13 11.3 11 11.25 
3 1 4 
14 20 20 
1 1 in each cell 
(Stage of maturity 11.3 15.5 13.0 mean number 
total) 3 2 5 sample number 
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< Fig.4.2.1a> Frequency of capture (including re-capture) of 
N 16 u Nelbda brevicoUis lin woodland in 1988 
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<Fig.4.2.2a> Proportion(%) of the cumulative number of Nebria brevicollis 
in woodland by 2-week period 
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<Fig.4.2.2b> Proportion(%) of the cumulative number of Nebria brevicollis 
in woodland in periods no. 1 - 7 and 8 - 17 
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<Fig.4.2.3b> 
Number of Nebr i a brevi co IIi s per pi tfa II in 2-week 
periods (period no.?-17) 
Average number/p 1 tfo IIJ:noooo 
1800 i Grassland 
1600 ~ ~male fema I e 
1400 
1200 
1000 
800 
600 
400 
200 j EiJm 7 7 
0 
7 8 9 10 1 1 12 13 14 15 
2-week per 1 ods Cp er 1 od 7 s torts on 31 Ju I y 1988) 
? 1nd1cotes no observation 
16 17 
.<Fig.4.2.4> Stages of maturity of N..ebx:ia breyicollis 
caught in successive 2-week periods in woodland 
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<Fig.4.2.4> Stages of maturity of Neb:ria breyicollis 
caught in successive 2-week periods in grassland 
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<Fig.4.2.5a> Abdomen/elytra length ratio in 2-week periods 
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<Fig.4.2.6> Proportion (%) of the cumulative number of Nebria brevicollis 
by the differences of the mandible tip length 
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4 Results for Each Species 
41.3 Abax p&JrsillleleplipedUlls Piller & MHteX'pBJ.ch<aX' 
PREVIOU§ J[NFORMATION 
Abax parallelepipedus is a woodland species (Greenslade 1965). 
This species has been well-studied experimentally in the laboratory (Loser 
1972). Field studies were carried out 
o in southern England: in beechwood, grassland and bracken and arable land 
by Greenslade (1965), in marsh and riverside areas by Murdoch (1967), 
o in northern England: high moorlands by Houston (1970); 
o in the Netherlands: in beech forest by van Drift (1951); 
o in Belgium: in pine wood and beech forest by Lareau (1985); 
o in West Germany: in hill forests by Lauterbach (1964) and at various altitudes 
(56m-340m) in oak woodland by Loser (1972). 
The species is classified in the group: "species with unstable condition of 
hibernation and potentially lacking dormancy" (Thiele 1977). Abax parallelepi-
pedus is thermally quiescent: low temperatures cause a slowing down of develop-
ment. Photoperiod has no influence on development (Loser 1970). 
Fig.4.3.5 shows the results of previous field studies of the life cycle of this 
species. In lowlands or warm years, A. parallelepipedus emerges in spring and in 
autumn. Those beetles which emerge in spring reproduce in summer. Autumn-
emerged beetles reproduce in the following spring shortly after hibernation, and 
then reproduce in summer again. Two peaks of activity may therefore be ob-
served, in spring and in summer. In higher regions or cold years, Abax paral-
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lelepipedus emerges only in spring and becomes mature in summer. One peak of 
activity can be seen in summer. The two types of activity patterns as described 
above are not separated entirely and a shift from two peaks to one peak of activ-
ity has been observed in this species, depending on the temperature conditions 
of the microclimate in forest plant communities (Lauterbach 1964). In West 
Germany (Loser 1970, 1972), a similar kind of shift has been reported: from 
two breeding seasons in spring and autumn by two gener~tions of autumn breed-
ers in warmer environmental conditions (e.g. low regions, slopes with southern 
exposure, warmer years), to one br~eding season in summer by spring breed-
ers. In the Netherlands (van Drift 1951), autumn emergence occurred; young 
females bred in summer and autumn and old females bred in spring and sum-
mer. Mature females have been observed from spring to autumn continuously in 
southern England (Murdoch 1967), the Netherlands (van Drift 1951) and Bel-
gium (Loreau 1985). In the uplands of northern England, spring emergence and 
summer breeding have been observed (Houston 1970). 
This species is reported to employ brood care (Loser 1972). Females scrape 
off particles of moist clay, using circular movements, and form a chamber of 
specific shape in which eggs are laid. This probably serves to prevent dessication 
and fungal attack. The females lay the eggs in the clay cocoons, but there is 
no further brood care afterwards, in contrast to some other species in the Abax 
genus. 
RESULTS AND DISCUSSION 
More captures were made in woodland than in grassland <Fig.4.3.1>. An-
imals were active at least from May to early September (and perhaps earlier). 
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During this period they moved large distances <Fig.4.3.2a>. 
In woodland, a male callow was observed in June <Fig.4.3.1a>; undevel-
oped females were also observed in July <Fig.4.3.3a>. In grassland, a female 
callow was observed in September <Fig.4.3.3b> Therefore, in the two habitats 
emergence may have occurred twice: once in spring and once in autumn. The 
occurrence of two oviposition seasons in one year is in .. agreement with results 
obtained in warmer environmental conditions in West Germany (Loser 1972). 
In woodland, mature females were observed in June-September <Fig.4.3.3a>; 
the egg volumes and egg numbers per female are listed in Table 4.3.1 and Ta-
ble 4.3.2, respectively. Large mean ratios of abdomen/elytra length for woodland 
females were found in July and August <Fig.4.3.4a>. After October no cap-
tures were made in either habitat. To summarize, Abax parallelepipedus seems 
to oviposit between June and September. 
Two mature females in June in woodland possessed many small eggs at the 
previtellogenesis stage in addition to mature eggs. Therefore it may be that 
those females were able to reproduce again in the same year after early summer 
oviposition. This possibility of two ovipositions by one female in one year is 
supported by previous studies in continental countries: the Netherlands (van 
Drift 1951) and West Germany (Lauterbach 1964) <Fig.4.3.5>. However, the 
data are not sufficient to decide whether this species in Durham had two peaks 
of oviposition or one' continuous oviposition season. 
In grassland, one female with a large ratio of abdomen/ elytra length was 
recorded in September <Fig.4.3.4b>. This may indicate that the oviposition 
season in grassland also included September. 
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ADDITIONAL INFORMATION 
Two male A. parallelepipedus that secreted pheromone were observed m 
woodland in July: the timing suggsts that this may be a sex pheromone. 
During the field work, two mud-coated females were found in both habitats 
in late August. This might be accounted for by brood-care (Loser 1972). 
Elytra lengths of both sexes in the two habitats are shown in Table 4.3.3. 
No differences in elytra lengths between sexes in each of the two habitats were 
observed (in woodland t27 = 1.07, p = 0.294; in grassland t5 = 0.49, p = 0.648). 
The elytra lengths of each sex is similar in the two habitats for both sexes (female 
t34 = 0.35, p = 0.728; male t19 = 0.07, p = 0.943). 
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<Table 4.3.1> Mean egg volume of Abax parallelepipedus 
in relation to stage of maturity in 4=week periods 
in woodland 
Stage of maturity 4 6 (Period 
Period no. Developing Mature total) 
6 3672 3672 
1 1 
7 2251 5678 4536 
1 2 3 
8 4985 4985 
2 2 
9 5389 5389 
1 1 in each cell 
(Stage of maturity 2251 5064 4662 
total) 1 6 7 sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Table 4.3.2> Mean number of eggs carried by female Abax parallelepipedus 
in relation to stage of maturity in 4~week periods 
in woodland 
-
Stage of maturity 2 4 6 (Period 
Period no. Undeveloped Developing Mature total) 
6 17 17 
1 1 
7 0 8 5.5 4.75 
1 1 2 4 
8 9 9 
2 2 
9 4 4 
1 1 
(Stage of 0 8 8.33 7.25 in each cell 
maturity mean number 
total) 1 1 6 8 sample number 
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<Table 4.3.3> Elytra length of both sexes of Abax parallelepipedus 
in the two habitats 
Woodland 
10.877 
31 
Female 0.616 
0.111 
11.147 
19 
Male 0.987 
0.226 
10.980 
(Habitat 50 
total) 0.780 
0.110 
Grassland 
10.980 
5 
0.536 
0.240 
11.200 
2 
0.566 
0.400 
11.043 
7 
0.506 
0.191 
71 
(Sex total) 
10.892 
36 
0.599 
0.100 
1.152 
21 
0.945 
0.206 
10.988 
57 
0.748 
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mean (mm) 
sample number 
st. deviation 
st. error 
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4.3.5> The results of previous and present study of 
life cycle of Abax pamlellepipedus 
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PREVJIOU§ JINFORMATJION 
Calathus melanocephalus is principally a grassland species although it oc-
curs in a variety of habitats from sand dunes to environments which are almost 
mountainous (Greenslade 1965). 
This species was classified as a member of the "group of autumn breeders 
with a hibernation at the larval stage and no dormancy in the course of adult de-
velopment" (Thiele 1977). Calathus melanocephalus has been studied widely in a 
geographical sense. Fig.4.4.4 shows the results of previous field studies of the life 
cycle of this species. After reproduction, some individuals hibernate and repro-
duce again in the following year (Gilbert 1956 and Greenslade 1965 in southern 
England; Vlijm et al. 1968 and van Dijk 1972, 1973, 1979, in the Netherlands). 
In southern England (Gilbert 1956 and Greenslade 1965), this species is found 
to have a univoltine life cycle: it reproduces from July to December with a peak 
in September and October, emerges in the next spring after larval hibernation 
and breeds in the summer without dormancy. However, in the Netherlands (van 
Dijk 1972), C. melanocephalus is partly semivoltine. Survivors reproduce from 
June to July: larvae hibernate, new imagines emerge in the next July and a 
fraction of them reproduce in July and August (slightly later than old imagines). 
In alder forests (20m a.s.l.) in central Norway, this species has also been found 
to be a semivoltine which breeds in August with a peak of activity just before 
breeding (Refseth 1988). After larval hibernation, a new imago emerges at the 
end of August. The immature imago hibernates and breeds in the next sum-
mer. However, at 830m of subalpine birch forests, emergence has occurred in 
72 
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late August-early September and breeding in late June-early August. Similar 
I . 
semivoltine life cycles are observed in northern Finland (Forsska.hl 1972) and in 
the Austrian mountains (De Zordo' 1979 by'm.ention of Refseth 1988). 
RESULTS AND DISCUSSION 
In the present study, more individuals were found in the Durham grassland 
than in the woodland, in agreement with the findings of Greenslade (1965) in 
southern England. No callows were caught in either habitat. Mature females were 
observed in the two habitats in August although the ratios of abdomen/ elytra 
lengths were not large <Fig.4.4.1, Fig.4.4.2, Fig.4.4.3, Table 4.4.1, Table 4.4.2>. 
From the distinctiveness of the corpora lutea, one of the four mature grassland 
females captured was found to be in its second oviposition season. These results 
therefore indicate that oviposition occurred in August and that the Durham 
grassland population has involved second year survivors. Two conclusions are 
drawn from a comparison of the previous and present studies <Fig.4.4.4>. As 
studies are made of progressively more severe environments, 
1. the life cycles observed vary from univoltine autumn breeding to a mixture of 
univoltine and semivoltine breeding to, finally, semivoltine summer breeding; 
2. the time of emergence shifts from spring to autumn. 
ADDITIONAL INFORMATION 
The mean elytra lengths of grassland individuals are shown in Table 4.4.3. 
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<Table 4.4.1> Mean egg volume of Calathus melanocepha~us 
in relation to stage of maturity in 4~week periods 
<a>in woodland <b>in grassland 
Stage of maturity 6 
Period no. Mature 
8 176 
1 
Stage of maturity 4 6 (Period 
Period no. Developing Mature total} in each cell 
8 164 149 153 
1 3 4 sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Table 4.4.2> Mean number of eggs carried by female Calathus melanocepha£us 
in relation to stage of maturity in 4-week periods 
<a>in woodland <b>in grassland 
<a> 
Stage of maturity 6 
Period no. Mature 
8 10 
1 
<b> 
Stage of maturity 4 6 (Period 
Period no. Developing Mature total) in each cell 
8 26 15 17.5 mean number 
1 3 4 sample number 
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<Table 4.4.3> Elytra length of both sexes of Calathus melanocephalus 
in grassland 
Grassland 
4.700 
2 
Female 0.283 
0.200 
4.500 
1 
Male· -
-
4.633 
(Habitat 3 
total) 0.231 
0.133 
75 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
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PREVIOU§ INFORMATION 
The habitat of Calathus piceus is woodland litter (Greenslade 1965). 
Only a small number of studies have been made of this species. Calathus 
piceus is an autumn breeder with larval hibernation and emergence in the next 
summer (Larsson 1939). Imagines were caught from April to December with 
maximum activity from May to August in southern England (Greenslade 1965). 
In Denmark (Larsson 1939), maxhnum activity has been found in August, with 
breeding in August and September. 
RESULTS AND D][SCUSSION 
In this study, individuals of the species were captured mainly in woodland, 
with three callows in late June and July <Fig.4.5.1>. 
Fig.4.5.3 shows the results of previous field studies of the life cycle of this 
species. Eight mature females were observed in the Durham woodland in July 
and four in September; a spent female was observed in October <Fig.4.5.1>. 
Egg volumes and numbers are shown in Table 4.5.1 and Table 4.5.2. Large 
mean ratios of female abdomenjelytra length were observed in June and July, 
with a peak in July <Fig.4.5.2>. It is concluded that the oviposition season 
occurred between July and September and mainly in July, with emergence from 
late June to July. This indicates that a main part of the population may have a 
biennial life cycle. Two out of eight mature females captured in July were found 
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to possess small eggs at the previtellogenesis stage, in addition to mature eggs. 
These females may therefore be able to reproduce twice in one year. 
From these results, it is concluded for the Durham woodland population of 
C. piceus: 
1. emergence occurred in early summer (late June to July) 
2. a part of the new imago generation was univoltine whilst the majority was 
semivoltine 
3. a univoltine group may have bred in the autumn, with some surviving to 
reproduce again in the following summer 
4. a semivoltine group may have oviposited in the summer, after which some 
may have bred again in the autumn. 
In grassland, one mature female was observed (with six eggs). The oviposition 
season in grassland may possibly be later than in woodland. 
ADDITIONAL INFORMATION 
The elytra lengths of females were significantly larger than those of males in 
woodland <Table 4.5.3> (t26 = 3.63, p = 0.001). 
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<Table 4.5.1> Mean egg volume of Calathus piceus 
illl relation to stage of maturity i:n 4~week pex-iods 
<a>in. woodland <h>in g:rasslandl 
Stage of maturity 4 5 6 7 (Period 
Period no. Developing Redeveloping 
7 
8 494 570 
2 2 
9 
10 
(Stage of maturity 494 570 
total) 2 2 
Stage of maturity 6 
Period no. Mature 
10 487 
1 
Mature Spent 
608 
8 
638 
4 
891 
1 
618 890 
12 1 
in each cell 
mean (mm3) 
sample number 
total) 
608 
8 
532 
4 
638 
4 
890 
1 
614 
17 
(The egg volume used here is that of the largest egg of a given female) 
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<Table 4.5.2> Mean number of eggs carried by female Calathus piceus 
in relation to stage of maturity in 4,.week peX'iods 
<a>in woodland <b>in gll"asslandl 
<a> 
Stage of 1 4 5 6 7 (Period 
maturity Devel- Redevel-
Period no. Callow opmg opmg Mature Spent total) 
6 0 0 
1 1 
7 0 25.6 22.8 
1 8 9 
8 11.5 13.5 12.0 
2 2 4 
9 15.0 15.0 
4 4 
10 1 1 
1 1 
(Stage of 0 11.5 12.5 22.1 1 16.5 
maturity 
total) 2 2 2 12 1 19 
<b> 
Stage of maturity 6 
Period no. Mature in each cell 
10 6 mean number 
1 sample number 
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<TaMe 4.5.3> Elytra length of both sexes of Calathus piceus 
in the two habitats 
Woodland Grassland 
5.804 5.700 
25 1 
Female 1.141 -
0.228 -
4.900 
4 
Male 0.200 
0.100 
5.679 5.700 
(Habitat 29 1 
total) 1.105 -
0.20.5 -
80 
(Sex total) 
5.800 
26 
1.118 
0.219 
4.900 
4 
0.200 
0.100 
5.680 
30 
1.085 
0.198 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
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JPREVJIOU§ JINJFORMA'JI'JION 
Habitats of C. violaceus are woodland, arable land and grassland heath 
(Greenslade 1965). 
Fig.4.6.5 shows the results of previous field studies of the life cycle of this 
species. The following three studies in southern England, the Netherlands and 
Denmark seem to indicate univoltine life cycles. 
o In beech wood, bracken, grass heath and arable land in southern England 
(Greenslade 1965), imago activity has been observed from May to September 
(with a maximum in July) and larval activity in September and October. 
o In beech forest in the Netherlands (van Drift 1951), emergence has been 
observed in late summer and breeding in autumn, followed by larval overwin-
tering. 
o In Denmark (Larsson 1939), emergence has been recorded in April and June, 
with breeding iii July and August. 
On the other hand, the result& of studies in the uplands of northern England 
and central Norway show a semivoltine life cycle. 
o In moorland in northern England (Houston 1970), emergence occurred in late 
July-August and breeding has occurred in June-July. 
o In subalpine birch forest at 830m a.s.l. in central Norway (Refseth 1984), 
emergence occurred in late August and breeding in June-July. 
81 
4 Results for Each Species 
RlE§UlLT§ AND D][§CU§§][ON 
Carabus violaceus was observed mainly in the Durham woodland; few individ-
uals were seen in grassland. Only woodland individuals are discussed here. Males 
were captured in July, August and September and females mostly in September 
<Fig.4.6.1a>. Males moved further in August and September than in earlier 
months <Fig.4.6.2>. 
One male was observed emerging in late July <Fig.4.6.3b>. 
In June, a large abdomen/elytra length ratio was found for one female <Fig.4.6.4a>. 
In July, a redeveloping female (maturity stage 5) was observed <Fig.4.6.3a>. 
Mature females were observed in August and October <Fig.4.6.3a>; the largest 
egg was found in a mature female in October <Table 4.6.1> whilst the largest 
mean number of eggs per female was found in developing females in August 
<Table 4.6.2>. From these results, it appears that univoltine females bred in 
the previous autumn. Although some oviposited in the early summer of the 
study year before emergence of the next generation of imagos, the main oviposi-
tion season seems to have occurred between August and October. 
The present study of C. violaceus at the Durham woodland site suggests 
1. a univoltine life cycle: breeding occurred in autumn following emergence in 
July. Some may have survived as spent imagines into a second year to breed 
in the summer again; 
2. a fraction of the population may perhaps follow a semivoltine life cycle and 
contribute to early summer breeding. (See Fig.4.6.5) 
From a comparison of previous and present studies, this species seems to have 
a shift of life cycle from that of an annual autumn breeder to a biennial summer 
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breeder, in parallel with a geographical shift from warmer to- cooler conditions. 
ADDll:Tll:ONAJL JINJFORMATliON 
When certain individuals of both sexes were marked with a drill for identifi-
cation, a defence mechanism was observed which consisted of the emission of a 
stimulative liquid from the apex of the abdomen which gave the present author 
a strong sensation of pain. Thiele (1977) also reported a similar observation. 
One female and two males were observed to secrete pheromone in late July. 
The role ofthis may be related to maturation because it was seen during emer-
gence and just before the breeding season. 
Table 4.6.3 shows that the female elytra lengths were perhaps larger than 
those of the male, though not significantly so (h6 = 1.74, p = 0.100). 
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<'l'alble 4.6.1> Mean egg voh1me of Carabus violaceus 
nllll rrela~iiol!ll to §tage of matudty i111 4-weelk: pe.ll."nodls 
in woodllal!Jl.dl 
Stage of maturity 4 5 
Period no. Developing Redeveloping 
7 10680 
1 
8 11739 
2 
10 
(Stage of maturity 11739 10679 
total) 2 1 
6 
Mature 
9415 
3 
14556 
1 
11986 
2 
{Period 
total) 
10680. 
1 
10345 
5 
14556 
1 
11626 
5 
in each cell 
mean (mm3) 
sample number 
(The egg volume used here is that of the largest egg of a given female) 
<'l'alble 4.6.2> Mean number of eggs carried by female Carabus violaceus 
n!Ill rre!atD.on to stage of maturity in 4-week periods 
in woodland 
Stage of 4 5 6 (Period 
maturity Develop- Redevel- Mature 
Period no. ing oping total) 
7 2 2 
1 1 
8 12 4 9.3 
2 1 3 
10 2 2 
1 1 
(Stage of 12 2 3 6.4 in each cell 
maturity mean number 
total) 2 1 2 5 sample number 
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<Talblie 41:.8.31> Ellytra length of lbotlh. sexes of Carabus violaceus 
i.n tllle two habitats 
Woodland Grassland 
15.662 15.650 
13 2 
Female 1.677 0.495 
0.465 0.350 
14.783 15.800 
18 1 
Male 0.828 -
0.195 -
15.152 15.700 
(Habitat 31 3 
t_otal) 1.306 0.361 
0.235 0.208 
(Sex total) 
15.660 
15 
1.558 
0.402 
14.837 
19 
0.837 
0.192 
15.200 
34 
1.259 
0.216 
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in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
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4. 7 Cychlrus csurabondes lLinnaeus 
PREV][OU§ ][NFORMAT][ON 
Cychrus caraboides is a woodland species (Greenslade 1965). It is found in 
shady, rather moist places (Lindroth 1974). 
Fig.4. 7.5 shows the results of previous field studies of the life cycle of this 
species. 
o In southern England (Tipton 1960; Greenslade 1965: beech wood, bracken, 
grass heath and arable land), a peak of activity has been observed from 
June to August, which involves emergence and breeding; a breeding season in 
August-October at a marsh and streamside has been observed by Murdoch 
(1967). 
o In central Denmark (Larsson 1939), larvae were trapped in late August-
November and in April; pupa and callows were caught in late May-early 
June and the majority of imagines were caught in July. Breeding occurred in 
August-September. 
o In high moorland in northern England, breeding has been observed in late 
July-August (Houston 1970) . 
o In central Norway (Refseth 1988: subalpine birch forest at 830m a.s.l.), an 
active season was found from June to early July, which coincides with mat-
uration; breeding was found in July and emergence occurred in July and 
August. 
Similar life cycles have been observed in Scandinavia (Lindroth 1945) and in 
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the Austrian mountains (De Zordo 1979). 
RESULT§ AND DI§CU§§][ON 
Cychrus caraboides was observed only in the Durham woodland. This is 
consistent with the work of Greenslade (1965) and Lindroth (1974). 
Captures were made from June to September <Fig.4.7.1>. These involved 
one female callow in mid-June, i.e. at the beginning of the capture period for this 
species. A copulation was observed in woodland in early September. Following 
dissection, a mature female in August was found to have 15 eggs; also, undevel-
oped females were observed in September <Fig.4.7.3a>. In August, females had 
the largest mean abdomen/elytra length ratio <Fig.4.7.4>. It is suggested: 
1. Cychrus caraboides emerged in June to breed in August and September; 
2. a part of the C. caraboides population may have a biennial life cycle; this 
is a result that is also reported by De Zordo (1979) and Refseth (1988) 
<Fig.4.7.5>. 
It is therefore concluded that a mixture of univoltine and semivoltine life 
cyles may co-exist in the Durham woodland. 
From the comparison of present and previous studies <Fig.4.7.5>, this species 
seems to have a shift of life cycle geographically from a univoltine late-summer 
breeder to a semivoltine mid-summer breeder, as environments become more 
severe. 
ADDITIONAL INFORMATION 
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When caught with the fingers, individuals of this species were observed to 
make sounds by a squeezing of the expanded abdomen. Such behaviour may 
form a defence mechanism, and is similar to an observation by Thiele (1977). 
Elytra lengths did not differ between sexes (t27 = 0.38, p = 0.706) (See Table 
4.7.1). 
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<Table 4.7.1> Mean egg vollume of Cychrus caraboides 
.hn Jrellatiol!'A to §iage of matt.uity nll'A 4Qweelk pell'AO(b 
nll'A wood.llam1l 
Stage of maturity 6 
Period no. Mature in each cell 
8 2345 mean (mm3) 
1 sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Talblle 4.7.2> Mean n.umber of eggs ca:rried by lfemalle Cychrus caraboides 
nn relation to stage of maturity in 4-week periods 
in woodland 
Stage of maturity 2 6 
Period no. Undeveloped Mature 
8 15 
1 in each cell 
9 0 mean number 
2 sample number 
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<Talble 4. 7.3> Elyb-a !e111gth of lboth sexes o:lf Cych-rus caraboides 
nll1 the woodlla111dl 
Woodland 
10.217 
12 
Female 1.214 
0.350 
10.359 
17 
Male 0.796 
0.193 
10.300 
(Habitat 29 
total) 0.973 
0.310 
90 
in each cell 
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st. deviation 
st. error 
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4 Results for Each Species 
4.§ JLeistus feE'ru.gineus JL.innclll.eus 
PREVIOUS INFORMATION 
Leistus ferrugineus lives on the edge of canopied areas or in open woodland, 
rather than litter (Greenslade 1965). 
This species is in a group with winter larvae, the adults of which emerge in 
spring and undergo aestivation dormancy prior to autumn reproduction. 
Fig.4.8.4 shows the results of previous field studies of the life cycle of this 
species. 
o In southern England (Greenslade 1965) L. ferrugineus shows two peaks of ac-
tivity in breeding (August-October) and perhaps in emergence (May-June). 
o Similarly, two peaks of activity were found in the Netherlands (emergence 
in July and breeding in October: den Boer 1958) and in Denmark (June 
emergence and September-October breeding: Larsson 1939). 
o A single peak of activity has been observed in June in Scandinavia (Lindroth 
1945). 
RESULTS AND DISCUSSION 
In the Durham study, this species was found only in woodland and mostly 
in October and November <Fig.4.8.1>, when mature individuals were observed 
<Fig.4.8.2>. The egg volumes and numbers per female are shown in Table 4.8.1 
and Table 4.8.2. From these results it is concluded that the oviposition sea-
son occurred in autumn and early winter (at least in October and Novem-
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her). This is supported by the previous studies of Larsson (1939), Den Boer 
{1958) and Greenslade {1965), in which breeding has been observed until Octo-
ber <Fig.4.8.4>. 
ADD]['l'][ONAIL ][NJF'ORMA'l'][ON 
The elytra lengths of the females are significantly larger than those of the 
males <Fig.4.8.3> (t10 = 2.70, p = 0.022). 
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<Table 4.§.1> Mea:n egg volume of Leistus ferrugineus 
D.:n IrelatD.ol!l io stage oJI:' matu-rity n:n <Jk.oweek pelr'iodl.s 
Rlill wood!alilldl 
Stage of maturity 
Period no. 
10 
I Ma:ure I 
237 
3 
in each cell 
mean .(mm3) 
sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Table 4.§.2> Mean numbeir of eggs carried by female Leistus ferrugineus 
D.n relation to stage of maturity in 4-week periods 
in woodland 
Stage of maturity 6 
Period no. Mature in each cell 
10 9 mean number 
3 sample number 
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<Table 4.§.3> Eliytra liengt:h of both §e:Xe§ of Leistus ferrugineus 
in the woodlla:ndl 
Woodland 
4.457 
7 
Female 0.127 
0.048 
4.280 
5 
Male 0.84 
0.038 
4.383 
(Habitat 12 
total) 0.140 
0.040 
95 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
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4 Results for Each Species 
PREV][OU§ ][NFORMA'JI'][ON 
Leistus rufescens is the most hygrophilous of the carabid species and lives in 
moist shady places amoung wet leaves, often under alders (Lindroth 1974). 
This species has been studied at only a few geographical areas <Fig.4.9.4>. 
o In southern England (Murdoch 1967), mature females have been found from 
June to September and emergence in May has occurred after larval overwin-
tering. 
o In the uplands of northern England, the results of Houston (1970) show ma-
ture females in July-October, larval overwintering and emergence in June-
July. 
o In Denmark, the results of Larsson (1939) indicate similarities to Houston's 
(1970) study, with an earlier occurrence of breeding and emergence: breeding 
in July-August and possibly September, and emergence in late June-early 
July. 
RESULTS AND DISCU§S][ON 
In the present study, captures were made in woodland from June to Sepember 
<Fig.4.9.1> with one mature female found in August <Fig.4.9.2> <Table 4.9.1> 
<Table 4.9.2>. The abdomen/elytra length ratios did not show high values. 
Therefore a breeding season perhaps occurred around August, in agreement with 
the previous studies. When the results of previous and present studies are consid-
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ered together they show that, as environmental conditions become colder, there 
is a shift of the time of emergence from spring (May) to summer (late June-early 
July) <Fig.4.9.4>. The breeding seasons do not show such a marked difference 
(June-September). It is therefore suggested: 
1. Emergence seems to be dependent upon temperature, i.e. lower temperatures 
inhibit the larval development of L. rufescens. 
2. The breeding season has been observed to start one month after t4e beginning 
of emergence, irrespective of geographical area; temperature therefore has a 
lesser influence on maturation than on larval development. 
3. Leistus rufescens may be a univoltine summer-autumn breeder, with larval 
overwintering and emergence during the beginning of the next summer. 
ADDITIONAL INFORMATION 
The elytra lengths did not differ between sexes <Table 4.9.3> (t10 = 0.36, 
p = 0.724). 
98 
4 Results for Each Species 
<Talblle 4.9.1> Mearrn egg volume of Leistus rufescens 
in ll'elatnon to stage o:fr' maturity in 4~weelk periods 
nrrn woodland 
Stage of maturity 6 
Period no. Mature in each cell 
8 411 
1 sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Table 4.9.2> Mearrn number of eggs carried by :fr'emale Leistus rufescens 
in relation to stage of maturity in 4-week ]periods 
in woodland 
Stage of maturity 6 
Period no. Mature in each cell 
8 14 mean number 
1 sample number 
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<Table 4.9.3> Elyba length of both sexes of Leistus rufescens 
in the woodlRandl 
Woodland 
4.220 
5 
Female 0.295 
0.132 
4.171 
7 
Male 0.170 
0.064 
4.192 
(Habitat 12 
total) 0.219 
0.063 
100 
in each cell 
mean (mm) 
sample number 
st. deviation 
st. error 
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4 Results for Each Species 
JPREVJIOU§ JINFORMAT][ON 
Leistus rufomarginatus is found at the base of deciduous trees in dark forests 
(Lindroth 1974). 
This species seems to have a life cycle which is similar to that of Leistus 
rufescens, but shows a longer appearance at the adult stage in Denmark (Larsson 
1939) <Fig.4.10.4>. At marshland and streamside in southern England (Mur-
doch 1967), emergence has been observed in April-May and mature females in 
June-October. A maximum imago activity was observed in June-July in Bel-
gium (Lareau 1985: in pine-wood), in August-September in Denmark (Larsson 
1939) and in July in Scandinavia (Lindroth 1945). The results of Lareau (1985) 
for beech forests in Belgium show two peaks of activities of imagines in summer 
and winter; the summer peak involves emergence and the winter one involves 
oviposition. 
RE§ULTS AND DJISCUSS!ON 
In the present study, the captures were made in the Durham woodland from 
May to November <Fig.4.10.1>. No callows were observed. These results are 
consistent with a result of Larsson (1939) which found a longer appearance pe-
riod than for Leistus rufescens. A clear peak of captures was not observed, 
perhaps because of an insufficient number of captures. One mature female was 
found in October <Table 4.10.1, Table 4.10.2> and a large ratio of female ab-
domen/elytra length was observed in July <Fig.4.10.3>. These results may 
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indicate two oviposition seasons, in summer and autumn during the same year 
at the Durham woodland site. Two suggestions are made: 
1. The two oviposition seasons may have included two generations, of which 
one is a new imago generation bred in autumn. The other may have been 
a surviving generation bred in spring following oviposition in the previous 
autumn and adult overwintering; or 
2. a part of the population may have been semivoltine and have bred as a first 
oviposition in the spring following the year of study. 
Such life cycle shifts have been reported in other autumn breeder species of 
Carabidae by van Dijk (1972) for Calathus melanocephalus and Luff (1973) for 
Pterostichus madidus <Fig.4.10.4>. Since the present results are quite different 
from previous studies, more data are essential before further discussion. 
ADDITIONAL INFORMATION 
The elytra lengths of females tend to be larger than those of males, but not 
significantly so (t12 = 1.77, p = 0.101) <Table 4.10.3>. 
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<T&Me 4.10.1> Mean egg volume of Leistus rufoinarginatus 
nllll. ll'ellatliollJl. to st&ge of mahunty Jim. 4~week penriiodl§ 
Stage of maturity 
Period no. 
10 
nllJl. woodllandl 
6 
Mature 
411 
1 
in each cell 
mean (mm3} 
sample number 
{The egg volume used here is that of the largest egg of a given female) 
<T&lblle 4.HJ.2> Me&m. IllUllmber of eggs carried lby female Leistus rufomarginatus 
in :rellation to stage of matull"ity in 4~week periods 
in woodland 
Stage of maturity 6 
Period no. Mature in each cell 
8 6 mean number 
1 sample number 
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<'I'aMe 4.10.3> Elyira lengtlh of both sexes oft' Leistus rufomarginatus 
D.n· the woodlland 
Woodland 
4.767 
6 
Female 0.266 
0.119 
4.550 
8 
Male 0.193 
0.068 
4.643 
(Habitat 14 
total) 0.244 
0.065 
104 
in each cell 
mean (mm) 
sample·number 
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4 Results for Each Species 
PREVKOU§ KNJFORMA'I'KON 
Loricera pilicornis is reported to occur in a wide range of habitats in beech 
woodland and arable land (Greenslade 1965). 
This species is a spring breeder. In summer the larvae develop and imagines 
emerge in autumn to hibernate and breed in the next spring (Larsson 1939, 
Lindroth 1949, Greenslade 1965, Refseth 1988) <Fig.4.11.5>. This species has 
been studied in various geographical areas. In beechwood, grassland , bracken 
and arable land in southern England, adult activities have been observed from 
March to August, with a maximum in April-May and larvae have been recorded 
in May-July (Greenslade 1965); a maximum of adult activity has been recorded 
in April, with a decline in mid-summer and a slight increase in autumn (Tipton 
1960: from reference by Greenslade 1965). In Denmark, two peaks have been 
observed in April-May and July-August (Larsson 1939). Detailed studies by 
Loreau (1985) have shown that in pine wood and beeeh forests in Belgium two 
breeding seasons occur. The main breeding season was found to be principally 
in April-May with a less important one in July-August. Refseth (1988) reported 
that in alder forests in central Norway, breeding occurred in May-June, with a 
callow emergence in August-September. Lareau (1985) suggested that there were 
two generations in the population in Belgian , the largest of which was made up of 
spring breeders and the other of autumn breeders. However, in central Germany, 
a single peak has been observed in May-July (Geiler 1960). 
RESULTS AND DISCUSSION 
105 
4 Results for Each Species 
Loricera pilicornis was found in both Durham habitats, in agreement with 
the results of Greenslade (1965). 
Captures were made in the Durham woodland from May to October <Fig.4.11.1, 
Fig.4.11.3>. For females, a main peak was observed from June to August, and 
for males the main peaks were found in June and August. Captures were made 
in grassland until November. 
Male callows were observed in both habitats in August <Fig.4.11.1>. Emer-
gence therefore seems to have occurred in summer (July and August). Undevel-
oped females were observed in July, August and October in woodland, and in 
August in grassland <Fig.4.11.3>. Maturation may therefore have followed in 
the next year. 
Mature females of Loricera pilicornis were observed in July in woodland and a 
spent female was observed at the beginning of August in grassland <Fig.4.11.3>. 
Egg sizes and numbers per female are listed in Table 4.11.1 and Table 4.11.2, 
respectively. A copulation was witnessed in woodland in early June. It is con-
cluded from these results that an oviposition season occurred in June and July 
in both habitats. In grassland, a spent female was found to possess many small 
eggs at the previtellogenesis stage in addition to a mature egg in early August. 
Moreover, captures were made in October and November after a break during 
September. This seems to indicate that two reproductive seasons have occurred 
in the year. The main oviposition was in June-July and the less important one 
perhaps in October-November. The possibility of two oviposition seasons in one 
year is supported by the results of Tipton (1960) and Loreau {1985), although the 
timing of seasons is later than indicated by the Belgian results. If this conclusion 
that Loricera pilicornis at the Durham grassland site had two generations can be 
applied to L. pilicornis in the woodland also, then this helps to explain why an 
106 
4 Results for Each Species 
undeveloped female was observed in the woodland in July during the oviposition 
season <Fig.4.11.3>. This is because the life cycle of autumn breeders must 
have been delayed relative to that of the main summer breeders. The shift of the 
breeding season when compared with the result from Belgium (Loreau 1985: late 
April-May and June-July) may be due to the prevalence of colder environmental 
conditions in Durham. (Average temperature 8.5°C at Durham, 9.9°C at Uccle, 
in Belgium; vegetation growth period 7 months at Durham, 9 months at Uccle) 
The results of a study in central Germany (Geiler 1960; reference from 
Greenslade 1965) in which only a single peak of activity occurred in May-July, 
might indicate that imagines mature one year after emergence so that the emer-
gence and breeding seasons overlap in May-July: this may be due to a colder 
winter and a shorter favourable season for maturation. 
When the Durham results are combined with those of the previous studies, 
it may be suggested that <Fig.4.11.5>: 
1. Loricera pilicornis is a member of the group classified by Thiele {1977) as 
"spring breeders with no larval dormancy but obligatory dormancy in the 
adults (parapause) mainly governed by photoperiod" 
2. a greater spread of activity and two breeding seasons are observed in lower 
latitude areas and oceanic climates; 
3. restricted and single-peak activity and only one breeding season are found in 
higher latitude areas and continental climates. 
In parallel to this oviposition season suggested by the results of the present 
studies, cases of females which secreted pheromone were observed in late June 
and July; this might be related to maturation or oviposition. 
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ADD][T][ONAJL ][NFORMAT][ON 
The elytra lengths of woodland females were significantly larger than those 
of grassland females (t2o = 2.53, p = 0.020). A difference in the elytra lengths of 
the males was not found between the two habitats (t6 = 0.92, p = 0.395). The 
elytra length between sexes also did not differ in both habitats (in woodland: 
t3o = 0.22, p = 0.828; in grassland: ts = 1.61, p = 0.281) <Table 4.11.1>. 
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<Table 41.11.1> Mean egg volume of Loricera pilicornis 
ibm ll.'elaiion io §iage of mat111urity lin 4-week pell'nodl§ 
<a>nllll. woodllandl <b>nn gll.'am1liamdl 
Stage of maturity 6 
Period no. Mature 
7 226 
2 
Stage of maturity 7 
Period no. Spent in each cell 
7 109 
1 sample number 
(The egg volume used here is that of the largest egg of a given female) 
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<Table 4l:.n .. 2> Mean number of eggs carried! by femalie lLoricera pmcornns 
i:n JLeliaiion io stage of mait.D.rrnty in 4aweek periods 
<a> 
<a>in woodland <h>in grassliandl 
Stage of maturity 2 3 6 (Period 
Period no. Undeveloped Regressed Mature total) 
7 0 14 9 
1 2 3 
8 0 0 
1 1 
10 0 0 
1 1 
(Stage of 0 0 14 5 
maturity 
total) 2 1 2 5 
<h> 
Stage of maturity 3 7 (Period 
Period no. Regressed Spent total) in each cell 
8 0 1 0.5 mean number 
1 1 2 sample number 
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<TaMe 4.11.3> EHyt:ra liengHt of both sexes of LoTicem pilic01'nis 
in the two habitats 
Woodland Grassland 
4.728 4.450 
18 4 
Female 0.202 0.173 
0.048 0.087 
4.714 4.617 
14 6 
Male 0.123 0.248 
0.033 0.101 
4.722 4.550 
(Habitat 32 10 
total) 0.170 0.227 
0.030 0.072 
(Sex total) 
4.677 
22 
0.222 
0.047 
4.685 
20 
0.169 
0.038 
4.681 
42 
0.197 
0.030 
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IPREVKOU§ ][NFORMAT][ON 
Notiophilus biguttatus is found in woodland litter (Greenslade 1965), in shady 
but dry places (Lindroth 1974). 
This species has been classified as a spring breeder with facultative autumn 
activity by Larsson (1939) in Denmark <Fig.4.12.4>. This classification has 
been supported by Lindroth (1945) in Scandinavia, by Greenslade (1965) in beech 
wood, bracken, grass heath and arable land in southern England, and by Houston 
{1970) in high moorland in northern England. 
o In southern England, imagines have been found to be active in April-early 
August and January-February, with a peak in May-June with larvae obser-
vation May-September. 
o In Denmark, larvae and adults have been observed in summer, with emergence 
in late September-early October. 
o In Scandinavia, imago activity has been reported mainly in May-September 
(with a peak in June) with larvae in July-September and imago overwintering. 
o In highland in northern England, mature females have been recorded inter-
mittently: late April-early May, early June, early August, and September-
October; two emergence seasons have been observed in July and in September-
October. 
However, Loreau {1985) reported a study of the species in beech forest and 
pine wood in Belgium in which N. biguttatus matured soon after autumn emer-
gence in September and had a late autumn breeding season in October and 
November. This continued to the next spring. The results of van der Drift (1951) 
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from beech forest in the Netherlands support the suggestion by Loreau that N. 
biguttatus bore ripe eggs throughout the year. It must be concluded that a part 
of the Belgian population of N. biguttatus had two generations during the same 
year (Lore au 1985). 
RE§ULT§ AND D][§CU§§][ON 
N. biguttatus was observed in the present study only in the Durham wood-
land. From field observations, there appear to have been two peaks of capture 
abundance from May to July and from October to December, although the data 
were relatively few. 
One mature female was found to possess two eggs in July <Fig.4.12.2, Ta-
ble 4.12.1, Table 4.12.2>. This fact, together with the large mean ratio of ab-
domen/elytra length for females in July <Fig.4.12.3>, indicates that an ovipo-
sition season occurred during that month. 
The present study shows agreement with the previous works, in which N. 
biguttatus was found to breed in May and June (Larsson 1939, Lindroth 1945, 
Greenslade 1965, Houston 1970). However, although they report that the adult 
emerges in autumn before hibernation and breeds in the following spring, the 
occurrence of an undeveloped female in July in the Durham woodland is incon-
sistent with this <Fig.4.12.2a>. A possible conclusion for the Durham site is 
that a spring emergence has occurred; this is supported by the results of van 
Drift (1951 ), who found that N. biguttatus bore ripe eggs throughout the year; 
and by the results of Houston (1970) who reported that N. biguttatus emerged 
in two seasons in July and September. 
The elytra length of the female was significantly larger than that of the male 
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<Table 4.12.3> (t 21 = 2.98, p = 0.006). 
Notiophilus biguttatus does not fit clearly into any one of the four types of 
spring or autumn breeders defined by Thiele (1977). (See Table 1.1). Examples 
of previous studies of Notiophilus biguttatus which illustrate this are: 
o for the two types of spring breeders which are: 
1. controlled by firstly short-day photoperiod and then by long-day pho-
toperiod. Loreau (1985) found autumn breeding shortly after emer-
gence; 
2. controlled by short-day photoperiodical quiescence. Van Drift (1952) 
found mature females throughout the year. 
o for autumn breeding types with winter larvae: all previous studies show sum-
mer larvae 
It is therefore suggested that Notiophilus biguttatus may be in the group 
classified by Thiele (1977) as having "unstable conditions of hibernation and 
potentially lacking dormancy". This classification offers a possible explanation 
for the result of Houston (1970), in which two emergence seasons and several 
intermittent breeding seasons were observed in one year. Loreau (1985) suggested 
that after autumn emergence they can start to reproduce before winter and 
continue breeding, with a winter quiescence induced by low temperatures. 
The life cycle of this species may therefore be more heavily dependent on 
biotopic conditions than on photoperiodic and temperature conditions, depend-
ing on the geographical location. 
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<Table 4!:.12.1> Mea:n egg volume of Notiophilus biguttatus 
Alrll ll'ellatlion to stage of matmrity ilrll 4~week pe1rliods 
Alrll woodllal!ldl 
Stage of maturity 6 
Period no. Mature iri each cell 
I 
7 CJ mean (mm3) sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Table 4.12.2> Mean ltl1.llmber of eggs carried by femalle Notiophilus biguttatus 
in Jrellatnon to stage of maturity in 4-week periods 
in woodland 
Stage of maturity 2 6 (Period 
Period no. Undeveloped Mature total) in each cell 
8 0 2 1 mean number 
1 1 2 sample number 
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<TaMe 4.12.3> Ellytra llength of lbotlh sexes of Notiophilus biguttatus 
in the woodllaltld 
Woodland 
3.615 
26 
Female 0.882 
0.173 
3.086 
7 
Male 0.107 
0.040 
3.503 
(Habitat 33 
total) 0.811 
0.141 
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IPREVIOU§ INFORMATION 
Patrobus atrorufus lives in damp deciduous forests (Lindroth 1974). 
Patrobus atrorufus has been classified as a member of" autumn breeders with 
a thermic hibernation parapause in the larva and a photoperiodic aestivation 
parapause in the adult" (Thiele 1977). This species breeds from late summer 
to autumn and hibernates after exposure to cold at the 3rd larval stage. The 
adult emerges in the following spring after a high temperature 'signal'. Ovarian 
development starts with the changeover to short-day photoperiods (the critical 
photoperiod is 16-17h light/day); this means that, as experienced in the field 
by P. atrorufus, short-day conditions already prevail from the beginning of July 
onwards at Koln in West Germany. Females of P. atrorufus matured and started 
to reproduce about one month after the summer solstice, in agreement with 
the experimental results. Maturation of the male appears to be independent of 
photoperiod (Thiele 1969, 1971 ). 
Fig.4.13.5 shows the results of previous field studies of the life cycle of this 
species. At marsh and streamside habitats in southern England, emergence has 
been observed in May and June, and mature adults were observed from July to 
October (Murdoch 1967). This is the same life cycle as that found in Denmark 
(Larsson 1939) and in moist forest in West Germany (Thiele 1969). On high 
moorland in northern England, a biennial life cycle was observed (Houston 1970). 
Mature females appeared mainly from July to August. After larval overwintering, 
callows appeared from mid-June to September. Biennial life cycles have also been 
found in central Norway (Refseth 1980, 1986), with emergence during the summer 
(August-September) after larval overwintering. This is followed by hibernation 
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at an immature imago stage and maturation during the next spring from late 
May. Breeding then occurs in the summer. At progressively higher latitudes, 
breeding seasons have been observed to shift earlier from August to June. 
RESULT§ 
Patrobus atrorufus was observed mainly from June to September in the 
Durham woodland, with three male callows captured from late June to early 
July <Fig.4.13.1>. An undeveloped male was observed in June <Fig.4.13.3c>. 
The emergence season is therefore considered to have occurred during June to 
July. 
Mature females in woodland were observed in July-September <Fig.4.13.3a>. 
Large mean ratios of abdomen/elytra length for females were measured in July 
and August <Fig.4.13.4a>. During July to September, two females and three 
males were recaptured: the distances moved by the females were significantly 
larger than those of the males <Fig.4.13.2, Table 4.13.1> (t3 = 8.374, p = 0.004). 
The oviposition season in woodland may therefore have occurred during July, 
August and September. 
In grassland, mature females were observed in September-October <Fig.4.13.3b> 
and one female with a large ratio of abdomen/elytra length was observed in 
September <Fig.4.13.4b>. It is suggested that the oviposition season in grass-
land occurred later or continued until later than in woodland. 
Although the sample sizes were small, the egg volumes of woodland females 
were perhaps larger than those of grassland females for the same stage of maturity 
<Table 4.13.2> (t3 = 3.01, p = 0.057). 
The elytra lengths of woodland females also seemed to be larger than those 
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found in grassland, although not significantly so <Table 4.13.4> (t2 = 2.28, 
p = 0.144). The possibility that the woodland females have a larger body size 
and produce larger eggs suggests that the woodland may offer more favourable 
conditions for development than the grassland site. This is consistent with the 
earlier reports that P. atrorufus prefers damp deciduous forests (Lindroth 1974). 
The elytra lengths of the woodland female tended to be larger than those 
of the woodland male but not significantly so (t2o = 1.75, p = 0.095) <Table 
4.13.4>. 
The egg numbers per female in both habitats are listed in Table 4.13.3. 
DJrSCUSSJrON 
The present study shows that no captures of females were made in woodland 
during a period of three weeks from late June to early July. This is thought to 
be due to aestivation, a conclusion that is supported by the experimental work 
of Thiele (1967, 1969) in which aestivation was observed for approximately one 
month. 
Combining the present results for the emergence season with those of the 
previous studies, it is concluded that emergence occurs later in more severe en-
vironmental conditions <Fig.4.13.5>. 
e.g. 
o May-June: southern England and Denmark; 
o June-July: Durham; 
o July-August: central Norway; 
o June-September: upland of northern England 
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The reason for this shift of emergence to later periods may be thermal quies-
cence in the larvae induced by low temperatures, while the reason for this length 
of the emergence season may be that the ambient temperature is often not high 
enough for metamorphosis; the surrounding microhabitats therefore have a great 
influence on the emergence of each individual. 
The oviposition season seems to have occurred from July to September in 
both Durham habitats and may possibly have continued until a little later. The 
conclusion drawn from the present and previous studies is that the length of the 
breeding season is restricted by increasingly severe conditions: 
e.g. 
o July-October: southern England and Denmark; 
o July-September: Durham; 
o July-August: upland in northern England. 
Also a shift of breeding season from autumn to spring has been observed 
without aestivation in extremely severe conditions in central Norway (Refseth 
1986): 
o August-September: lOrn a.s.l.; 
o July: 830m a.s.l.; 
o June: 98Q-1120m a.s.l.. 
Therefore, the inhibition of maturation of the female in long-day conditions, 
as found in the experiment by Thiele (1969), is not applicable to the observation 
of P. atrorufus by Refseth (1986). The restriction of the duration of breeding may 
be related to the length of the warm season. Refseth (1986) also suggested that 
the shift of the breeding season in central Norway may be connected with the 
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displacement of the final date of the vegetation growth period (See Fig.4.18.1). 
Generally, P. atrorufus is a univoltine autumn breeder, a biennial autumn breeder 
and a biennial spring breeder, respectively, from warm to cold environments. 
From these geographical comparisons, imagines are seen to mature faster after 
emergence in higher latitudes than in lower latitudes. The oviposition season is 
earlier or shorter in woodland than in grassland. The results of the present and 
previous studies of the oviposition season seem to indicate that, as for Nebria 
brevicollis (which experiences a similar life cycle), Patrobus atrorufus also matures 
faster in lower temperatures (Thiele 1969, 1971 for N. brevicollis). 
Some of the Durham woodland females may have emerged after the aestiva-
tion period because one male callow was caught in early July. If so, those females 
which did not undergo aestivation soon after emergence cannot have bred during 
the year. A fraction of the individuals may therefore have followed a biennial life 
cycle. 
ADDITIONAL INFORMATION 
After aestivation, one woodland female was observed to secrete pheromone 
in early July. Because of the timing, this may be related to maturation. 
When caught with the fingers in early August, two woodland females of this 
species were observed to secrete pheromone, an action which is possibly related 
to a defence mechanism. 
121 
<a> 
<h> 
4 Results for Eacl1 Species 
<'I'alble 4.13.1> Mean egg volume olf Patrobus atrorufus 
in Jrelainoill io stage of maitullty lin 4~weelk period§ 
<a>nn woodland <h>nn gra§9llmlldl 
Stage of maturity 
Period no. 
7 
9 
(Stage of 
maturity total) 
Stage of maturity 6 
Period no. Mature 
9 115 
1 
10 159 
1 
(Stage of 137 
maturity total) 2 
6 
Mature 
203 
1 
229 
2 
220 
3 
in each cell 
mean (mm3) 
sample number 
(The egg volume used here is that of the largest egg of a given female) 
122 
4 Results for Each Species 
<Tablie 4.13.2> Mean nmmbe:r of eggs carded by fr'emalie Patrobus atrorufus 
lin ll'ehition to stage of maturity hn 4=week pell'liodls 
<a>in woodland <h>in glt'asslarrul 
<a> 
Stage of maturity 6 
Period no. Mature 
7 8 
1 
9 7 
2 
(Stage of 7 
maturity total) 3 
<h> 
Stage of maturity 6 
Period no. Mature 
9 15 
1 
10 11 
1 in each cell 
(Stage of 13 mean number 
maturity total) 2 sample number 
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<Table 4.].3.3> Elytra leiDI.gtlht of both sexes of Patrobus atrorufus 
iill the two habitats 
Woodland Grassland 
4.982 4.367 
17 3 
Female 0.170 0.462 
0.041 0.267 
4.684 
19 0 
Male 0.719 
0.165 
4.825 4.367 
(Habitat 36 3 
total) 0.549 0.462 
0.092 0.267 
(Sex total) 
4.890 
20 
0.313 
0.070 
4.684 
19 
0.719 
0.165 
4.790 
39 
0.552 
0.088 
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4.14 JPlt~ll'osltn«:!lhtu.nE~ m~liallllall'hlls lillig~ll' ( v1.lllgarns lLnllllllllBi~Ull§) 
JPRJEVIOU§ JINFORMA'J!.'JION 
Pterostichus melanarius is found in grasslands and arable fields (Greenslade 
1965), and generally in areas that are not too dry (Lindroth 1974). 
The development of this species was investigated experimentally by Thiele 
and Krehan (1969), Thiele (1970), Krehan (1970, 1971), Hurka (1975) and Witzke 
(1976). See Table 4.18.1. Field studies in southern England were carried out 
in weedy cultivated land and strawberry fields by Briggs (1957, 1967), and in 
marsh and streamside areas by Murdoch (1967). Studies were also made in open 
country in West Germany by Krehan (1970) and beech fore!;it in Denmark by 
J~iirum (1980). 
This species is classified as "an autumn breeder with a thermic hibernator 
parapause at the larval stage and no dormancy in the course of adult develop-
ment" {Thiele 1977}. Coldness is essential at the end of the second instar of 
larval development and a long period of low temperature is required for normal 
development of the_third instar. This is followed by a need for a rising tempera-
ture in order to achieve metamorphosis (Thiele and Krehan 1969 , Hiirka 1975). 
After emergence in the following spring, individuals become mature without dor-
mancy in southern England (Briggs 1957, 1967, Murdoch 1967) and Denmark 
(Larsson 1939). In the laboratory (Thiele 1969, Krehan 1970) it was found that, 
after emergence, both sexes become mature in about 3 weeks at 20°C. Emergence 
may take longer in fields (Hurka 1975), irrespective of photoperiod and without 
the occurrence of dormancy. During maturation, thermal quiescence can occur 
at low temperature (Thiele 1969·, Krehan 1970). Some of the females which have 
already reproduced in the year prior to hibernation are found to reproduce again 
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(Briggs 1967, Krehan 1970, J¢rum 1980). Biennial life cycles have been observed 
in most parts of the distributional range in Scandinavia (Lindroth 1949), in West 
Germany (Krehan 1970) and in Denmark (J¢rum 1976, 1980). lFig.4.14.5 shows 
the results of previous field studies of the life cycle of this species. 
RE§ULT§ AND D][§CU§§JION 
More samples of this species were captured in the Durham grassland than 
in the woodland <Fig.4.14.1>. This follows previous observations that P. mela-
narius is mainly associated with grasslands and arable lands (Lindroth 1945, 
Thiele 1964, Greenslade 1965). Grassland individuals will be discussed here. 
A mature female in July and a spent female in August were observed. Also, 
large ratios of abdomen/elytra length for females were found in August (See 
Fig. 4.14.4b). The data for egg volumes and egg numbers per female are shown 
in Table 4.14.1 and Table 4.14.2, respectively. These results suggest a summer 
breeding season, perhaps in July and August. Although no callow was captured, 
both undeveloped and developing females were observed in July and August 
<Fig.4.14.3b>. To account for the simultaneous appearance of an undeveloped 
female and a spent female in August, it is suggested that at least a part of the 
population at Durham may have a biennial life cycle. P. melanarius matures 
quickly, as reported by Hiirka {1975), so that a part of the population which 
emerged earlier in the emergence season may be univoltine: e.g. a developing 
female in July. A mature female had small eggs at the previtellogenesis stage 
at the same time in grassland in July <Fig.4.14.3b>. Therefore, some of the 
females may reproduce later in the year and reproduce more than once in one 
year. 
These results for the life cycle of P. melanarius at the Durham grassland site 
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indicate the simultaneous occurrence of a univoltine life cycle and a semivoltine 
life cyle. Activity did not continue after August, in contrast with the reports from 
southern England (Murdoch 1967) and Koln (Krehan 1970) in which activity 
continued until October. It is concluded that the life cycle of this species may 
alter geographically as the environment becomes more severe <Fig.4.14.5>: 
1. univoltine summer-autumn breeding with spring emergence in southern Eng-
land (Briggs 1965, Murdoch 1967) to 
2. a mixture of univoltine summer-autumn breeding and semivoltine sprmg 
breeding in northern England (present study), West Germany (Krehan 1970) 
and Denmark (Larsson 1939) to 
3. semivoltine spring breeding with summer emergence in Denmark ( J111rum 
1976, 1980). J111rum has suggested that the biennial life cycle may be a 
consequence of longer winters and cooler springs causing a delay in meta-
morphosis. 
ADDITIONAL INFORMATION 
The elytra lengths of grassland females were significantly larger than those 
of the males (t21 = 3.98, p = 0.001) <Table 4.14.3> . 
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<'Jl'alble 4.14.1> Mean egg volume of Pterostichus melanarius 
hn. Jre!ation to §iage of maimrilty in 4~weelk period!§ 
<a>nnn. wood!ann.d <lb>nn gJra§§liann.dl 
<a> 
Stage of maturity 
Period no. 
8 
<h> 
Stage of maturity 4 6 
Period no. Developing Mature 
7 1145 
1 
8 1309 2251 
1 1 
(Stage of maturity 1227 2251 
total) 2 1 
4 
Developing 
771 
1 
7 (Period 
Spent total) 
1145 
1 
1932 1831 
1 3 
1932 1659 
1 4 
in each cell 
mean (mm3) 
sample number 
(The egg volume used here is that of the largest egg of a given female) 
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<'I'alble 4.14.2> Mean JrD.umber of eggs carried lby femalle Pterostichus melanarius 
in Jrela.Hon to stage of matuJrity in 4~week. periods 
<a>in woodland <lb>in gJrassland 
<a> 
Stage of maturity 4 
Period no. Developing 
8 12 
1 
<b> 
Stage of 2 4 6 7 (Period 
maturity Undeve Deve Mature Spent 
Period no. loping total) 
7 19 19 
1 1 
8 0 5 28 1 6.8 
2 1 1 1 5 
(Stage of 0 12 28 1 8.8 in each cell 
maturity mean number 
total) 2 2 1 1 6 sample number 
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<Table 41.14.3> E!ytra length of bott.h sexes of Pterostichus melanarius 
in the g~rasslandl 
Grassland 
9.460 
10 
Female 0.502 
0.159 
8.577 
13 
Male 0.546 
0.151 
8.961 
(Habitat 23 
total) 0.683 
0.142 
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mean (mm) 
sample number 
st. deviation 
st. error 
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PREVIOU§ XNFORMATJION 
Pterostichus niger lives in woodlands and grasslands and, less frequently, in 
arable lands (Greenslade 1965) and soils which are not too dry (Lindroth 1974). 
This species has been studied in southern England in beech wood, bracken, 
grassheath and arable land by Greenslade {1965); also in Denmark by Larsson 
(1939) and in beech forest by J~rum {1976, 1980); in West Germany by Witzke 
(1976); in central Norway by Lindroth (1945) and in alder forest by Refseth 
(1988). 
Pterostichus niger has been classified in the group of" autumn breeders with 
a thermic hibernation parapause at the larval stage and no dormancy in the 
course of adult development" (Thiele 1977). Witzke (1976) found that larval 
development requires a period of cold, followed by a rising temperature, a re-
sult which confirmed the classification of Thiele. Fig.4.15.5 shows the results of 
previous field studies of the life cycle of this species. 
In West Germany (Witzke 1976), an annual life cycle has been found: breed-
ing was from August to mid-September and the third instar larva hibernated. 
Emergence occurred in the next year from May to July, followed by breeding in 
the summer. Some individuals survived and reproduced again in the next year. 
However, both annual life cycles and biennial life cycles have been observed 
simultaneously in southern England (Greenslade 1965) and Denmark (Larsson 
1939, J~rum 1976, 1980). In Denmark (J~rum 1976, 1980), a biennial life cycle 
has been suggested: the breeding season is from June to September (mainly July), 
followed by larval overwintering and emergence in the following July-August. 
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J121rum found a small number of spent females which were about to start a new 
breeding period in August and September. He agreed with Greenslade (1960) 
that P. niger may either breed in two seasons or those individuals emerging late 
in one season will not breed until the next year. The work of Greenslade (1965) 
in southern England revealed autumn breeding with overwintering larvae, with 
emergence perhaps in summer and adult hibernation as well. Larsson (1939) has 
reported a similar life cycle in Denmark following observations that larvae were 
present at all times of the year. 
Biennial life cycles have been observed in central Norway (Refseth 1988): 
breeding occurs in July and August, with emergence in August and September 
of the next year after larval hibernation and adult hibernation. This is then 
completed by breeding in the following summer. 
RESULTS 
Fig.4.15.1 shows that individuals of P. niger were trapped mainly in the 
Durham woodland; relatively few were caught in grassland. 
Most of the woodland individuals were caught from June to August, including 
callows during late July and August. No callows were caught in grassland. 
Table 4.15.1 summarizes the data obtained during the main period of captures 
(June to August). This is also displayed in Fig.4.15.1a and Fig.4.15.2a. The 
data represent the ratio of females to males in woodland. The numbers of male 
and female callows captured were similar but a higher proportion of females was 
observed among non-callows. It may therefore be that the survival rate of females 
is higher than that of males. 
The distances of movement for woodland beetles are shown in Fig.4.15.2a. 
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Measurements were made for the peak periods of capture. Females may have 
tended to move further than males but not significantly so (t1s = 1.77, p = 0.094) 
<Table 4.15.2> . 
From the results in Fig.4.15.3a, it is seen that the summer population may 
involve more than two adult generations, because in July and August both 
callow (or undeveloped) and mature females were observed at the same pe-
riod. The same phenomenon was witnessed in the sample of woodland males 
<Fig.4.15.3b>, although male maturation is usually faster than that of the fe-
male so that the strength of this suggestion is reduced. 
For woodland females the abdomen/elytra length ratio was large in June and 
July, coinciding with the oviposition season <Fig.4.15.4>. Although for grass-
land females large ratios were observed in August and September, the sample 
numbers were too small to permit the identification of peak periods of oviposi-
tion. 
One undeveloped female was observed in December <Fig.4.15.3a>. This had 
a large fat body and showed a large ratio of abdomen/elytra length <Fig.4.15.4>. 
During June and August, both egg volumes and egg numbers increased 
<Table 4.15.3, Table 4.15.4> 
The low egg numbers imply low fecundity for this species. This is in contrast 
to the Durham results for P. madidus, a species which is closely related and of 
similar body size (P. madidus 13-17mm, P. niger 15-20.5mm). See Table 4.1.10. 
DISCUSSION 
The grassland sample is too small to allow consideration of the life cycle. 
Only woodland individuals will be discussed here. 
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Pterostichus niger seems to have an oviposition season between June and 
August (or perhaps a little later) because 
1. mature females were observed in August <Fig.4.15.3a>; 
2. large ratios of abdomen/elytra length were recorded in June and July <Fig.4.15.4a>; 
3. many captures were made between June and August <Fig.4.15.1a>; 
4. individuals moved large distances in July and August <Fig.4.15.2a>. 
The field observations <Fig.4.15.1a> and the dissection results <Fig.4.15.3a> 
suggest that emergence in woodland occurred in late July and August. 
A biennial life cycle is inferred because 
1. mature females and callows were observed at the same time m July and 
August; 
2. in December, an undeveloped female was observed. 
The Durham population of P. niger showed a similar life cycle to that found 
in the studies of a Danish population (J!3rum 1976, 1980), which revealed animals 
with a univoltine and a semivoltine life cycle. 
From a comparison of the previous and present studies, the effect of moving 
to increasingly severe environments, i.e. from low latitude and oceanic climate 
areas to high latitude and continental climate areas for this species <Fig.4.15.5> 
is as follows: 
1. there is a shift of life cycle from a univoltine autumn breeder to a mixture 
of a univoltine and a semivoltine summer breeder to, finally, a semivoltine 
summer breeder, 
2. the time of emergence undergoes a shift from spring-early summer to late 
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summer-autumn, as the environmental conditions become more severe. 
ADDJIT][ONAL JINFORMATJION 
Two females were observed to secrete pheromone in woodland in July; be-
cause of the timing, it may have been related to oviposition. 
Elytra lengths were significantly larger for male grassland individuals than 
for woodland individuals (t39 = 2.42, p = 0.021), but not significantly so for 
females (t1 = 1.19, p = 0.444) <Table 4.15.5>. Elytra lengths did not differ 
between sexes in each habitat. (In woodland, t45 = 0.33, p = 0.746; in grassland, 
t4 = 0.09, p = 0.934). 
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<Table 4.15.1> The estimation of population ratio oif Jfema.lle/malle 
of Pterostichus nige1· in woodland in periods no.6 - 8 
Sex Female Male %of female 
Capture Total 42 34 55.3 
number Non-callow 37 27 57.8 
Callow 5 7 41.7 
<Table 4.15.2> The distance of movement of both sexes 
of Pterostichus nige1· in woodland 
Sex Female Male 
Mean (I)'Y1) 8.929 4.390 
Movement Sumple number 13 7 
Distance st. deviation 6.295 3.243 
st. error 1.746 1.226 
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<Table 4.15.3> Mean egg volume of Pterostichus niger 
ll!ll relation to §iage of maturity nn 4aweek period!§ 
il!ll woodlland 
Stage of maturity 4 6 (Period 
Period no. Developing Mature total) 
72 1466 14662 
1 1 
8 2488 2246 2306 
1 3 4 in each cell 
(Stage of maturity 1977 2246 2138 mean (mm3) 
total) 2 3 5 sample number 
(The egg volume used here is that of the largest egg of a given female) 
<Table 4.15.4> Mean number of eggs carried by female Pterostnchus niger 
in relation to stage of maturity in 4aweek pe~riods 
in woodland 
Stage of 1 2 4 6 (Period 
maturity Callow Undeve Deve Mature 
Period no. loped loping total) 
7 0 4 2 
1 1 2 
8 0 7 9.3 7 
1 1 3 5 
12 0 0 
1 1 
(Stage of 0 0 9.3 4.9 in each cell 
maturity mean number 
total) 1 2 3 8 sample number 
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<Table 4.15.5> Elytll'a iength o[ both sexes o[ Pterostichus niger 
nltll Hne two .habitats 
Woodland Grassland 
8.761 10.250 
57 2 
Female 0.524 1.768 
0.069 1.250 
8.830 10.350 
37 4 
Male 1.203 1.103 
0.198 0.552 
8.788 10.317 
(Habitat 94 6 
total) 0.853 1.165 
0.088 0.476 
(Sex total) 
8.812 
59 
0.626 
0.081 
8.978 
41 
1.266 
0.176 
8.880 
100 
0.940 
0.094 
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4 Results for Each Species 
PREV][OU§ INFORMAT][ON 
This species inhabits shady and damp environments (Greenslade 1965), usu-
ally near water (Lindroth 1974). 
Pterostichus nigrita has been classified as a member of the group of "spring 
breeders with no larval dormancy, with emergence in autumn and obligatory dor-
mancy in the adult" (Thiele 1977). The species has been studied experimentally 
by Thiele (1966, 1968) and Ferenz (1975). For females the photoperiod, firstly 
by short-day for previtellogenesis and then by long-day for vitellogenesis, termi-
nates the adult hibernation prior to breeding in the next spring. However, males 
can mature (with formation of spermatozeugma) only by the stimulation of the 
short-day photoperiod. Ferenz (1975) suggested that; 
1. the critical photoperiod for female maturation is different phenologically be-
tween low and high latitudes. 
The critical short-day photoperiod for previtellogenesis 
o 15.5h light/day: 51 °N (Koln in West Germany) 
o 19.5h light/day: 66°N (Messaure, northern Sweden) 
The critical long-day photoperiod for vitellogenesis is, however, only a little 
different: 
o 13.1h light/day: 51 °N 
o 14.0h light/day: 66°N 
which means at the end of July and at the beginning of April, irrespective of 
longitude (Refseth 1986) <Fig.4.18.2>. 
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Ferenz (1975) also reported that when the Messaure population is compared 
with the Koln population, the larvae from polar populations 
2. develop faster in all temperatures; 
3. have a low mortality in low temperatures; 
4. have a high growth rate in high temperatures. (See Table 4.18.1, Table 4.18.2.). 
Ferenz concluded that the polar population of P. nigrita was able to survive 
a sudden cold spell and, during optimum temperatures, could compensate for 
periods of reduced development. 
Fig.4.16.2 shows the results of previous field studies of the life cycle of this 
species. In southern England (Greenslade 1965), P. nigrita has been observed to 
overwinter as an adult. Periods of maximum activity occur in March-April and 
in October. In Denmark (Larsson 1939), the maximum activities have been ob-
served in May-June (with the appearance of mature females in late April-July) 
and late August-early October (relating to emergence). In Scandinavia (Lin-
droth 1945), the maximum activities have occured in May-June and September 
(emergence). 
RESULTS AND DISCUSSION 
P. nigrita was captured only in the Durham woodland in July and September 
<Fig.4.16.1>. One male callow was observed in September. The emergence in 
the Durham woodland in September was similar to the results found in Denmark 
and Scandinavia and earlier than the time of emergence found in southern Eng-
land. (The present data are not of sufficient quantity to permit discussion of the 
breeding season of P. nigrita.) 
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When the previous studies are compared with the present study, it is found 
that, generally, the emergence seasons peak in the same periods. Emergence oc-
curs mainly in September in each of the various geographical areas. The breeding 
seasons in spring become shorter as the environment becomes more severe, i.e. 
the breeding starts later and ends sooner. When the starting times of the breed-
ing seasons are compared with the starting times of the vegetation growth peri-
ods, they are found to be almost simultaneous. It is therefore possible that the 
starting of breeding is controlled by the vegetation growth periods in addition to 
photoperiodical signal. (See Fig.4.16.2 with Table 4.0.2). Consequently, shorter 
developmental periods for larvae are found in the more severe environments. 
This has been proved by the work of Ferenz (1975), in which the population in 
northern Sweden was shown to have a higher growth rate in high temperature 
than that of Koln <Table 6.1>. 
The end of the breeding season occurs earlier as the environment becomes 
more severe. When the times of the end of the breeding seasons are compared 
with those of the vegetation growth periods at each area, it is observed that the 
breeding ends about four months before the end of the vegetation growth periods. 
The autumn emergences begin about four months after the start of breeding in 
the spring and end one month before the end of the vegetation periods. The 
earlier end of breeding seasons in spring and the consequent earlier occurrence 
of emergence in autumn seems to allow for the longer duration of preparation 
for overwintering and breeding of the following spring soon after overwintering. 
The more severe the environment, the stronger is the synchronization between 
the changing of temperature and the occurrence of the breeding and emergence 
seasons. Experimental study is necessary to investigate the sensitivity of popu-
lations to temperature at increasingly harsh environments. 
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4 Results for Each Species 
PREVIOUS INFORMATION 
Pterostichus strenuus inhabits shady places, usually in damp deciduous forests, 
on clayish soil and amongst moss and leaves. (Lindroth 1974). 
Fig.4.17.3 shows the results of previous field studies of the life cycle of 
this species. The life cycle of Pterostichus strenuus in marshlands and stream-
side areas in southern England includes spring breeding, with summer larvae 
(Greenslade 1964). Autumn emergence follows, with further breeding during the 
next spring from March to July after hibernation (Murdoch 1967). The life cycle 
is similar on high moorland in northern England (Houston 1970): emergence 
occurs in September-October and breeding occurs in April-June. In Denmark, 
the peak of captures is observed in April (Larsson 1939). 
RESULTS AND DliSCUSSION 
Captures were made in the present study at the Durham woodland from 
May to July, with a peak in nt<Fig.4.17.1>. A large average ratio of female 
abdomen/elytra length was found in June <Fig.4.17.2>. The P. strenuus popu-
lation at the Durham woodland seems to have had a spring breeding period with 
a peak in June. The timing of the breeding season is consistent with that found 
in previous studies in southern England (Murdoch 1967) and the highlands of 
northern England (Houston 1970). 
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4 Results for Each Species 
Many of the species included here will be considered further in chapter 5 during 
a discussion of the composition of the Carabid community. All species will then be 
grouped in chapter 6 into four categories according to the seasons of breeding and 
emergence. 
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Chapter V 
Oomposlition of the Ca:rab.Rd Commuumlity 
Table 5.1 lists the species for which two or more individuals were caught in 
each of the two habitats. Table 5.2 shows the number of species, the diversity in-
dex and the equitability of the two habitats in 4-week periods. These parameters 
(Lloyd and Ghelardi 1964) provide information on the structure of the Carabid 
community. 
In general, the Durham Carabid community had a larger equitability and a 
larger number of species in the woodland than in the grassland. The reason for 
this seems to be that the grassland has a less diverse range of microhabitats than 
the woodland. The number of species in the woodland Carabid community dis-
played a peak associated with a large equitability in July. The large equitability 
of the woodland community in that month was influenced strongly by a decreas-
ing number of individuals of the dominant species, Pterostichus madidus. The 
equitability indicates that the community was close to the species composition 
distribution of the "broken-stick" model of MacArthur (1957). A comparison of 
the results of species number, diversity index and equit.ability in the two habitats 
in August and September shows that the grassland Carabid community is more 
strongly dominated by Pterostichus madidus than is the woodland community. 
Fig.5.1 shows the capture duration and median of the duration of activity of 
each species in the woodland in order of elytra length (the best measure available 
of body size). Each of the two dominant species had two separate periods of 
activity. (The medians of the durations of activity of the dominant species are 
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taken as the medians of the active periods of the breeding seasons; see also Loreau 
{1988)). The following were observed: 
1. the dominant species in the Carabid community were medium-sized imagines; 
2. smaller-sized species tended to remain more active in late autumn and in 
winter than the larger species; 
3. There were two groups of the woodland Carabid beetles, one of which has an 
average elytra length of more than 7mm (7 species)- the large body group-
and the other of less than 6mm (7 species) - the small body gr~mp. {These 
average elytra lengths correspond to body lengths greater than approximately 
llmm and less than llmm respectively). 
4. In the large body group, when the seasonal changes of capture number are 
compared between species, there may be a tendency that the Carabid beetles 
of smaller body size have a peak of activity earlier in the year. (However, this 
tendency is not observed significantly in the distribution of the medians of 
the periods of activity : Tn = 0.2, p > 0.10). The larger Carabid beetles are 
most active in August; later in the year the smaller individuals of this large 
body group remain active. 
Examples of the timing of capture peaks are: 
o in June: Pterostichus madidus (breeding), Nebria brevicollis (emer-
gence) Pterostichus melanarius 
o in July: Pterostichus niger, Pterostichus melanarius, Abax parallelop-
ipedus 
o in August: Cychrus caraboides, Carabus violaceus, Pterostichus ma-
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did us (emergence) 
o in September: Nebria brevicollis (breeding). 
5. In the small body group, a similar tendency is observed, but with the distinc-
tion that the individuals of the largest species ( Calathus piceus) were most 
active in July. 
Examples of this are; 
o June: Loricera pilicornis 
o July: Patrobus atrorufus, Calathus piceus, Leistus rufomarginatus 
o August: Leistus rufescens 
o October: Leistus ferrugineus. 
A lack of sufficient data precludes a similar division of the grassland Carabid 
beetles. 
When the results for the Carabid large body group of Durham are compared 
with those of Lareau's (1988) study in beech wood in Belgium <Fig.5.2> and the 
Southwood (1978) study in woodland and grassland areas in southern England 
<Fig.5.3>, then: 
1. although no tendency was found in the present work for a shift in the median 
of the period of activity in the large body group, the results of Lareau and 
Southwood did show evidence for such a shift: rs = 0.577, p < 0.05 (Lareau 
1988), r 8 = 0.503, p < 0.01 (Southwood 1978: from Lareau reference) but 
2. the small body group activity in Durham seems to be different from that of the 
previous two studies, which show intense activity in spring and early summer 
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for the majority of the small body group and few medium or large species in 
autumn and winter. 
3. the period of activity is more restricted in summer for the Durham Carabid 
community than for the Belgium and southern England community. Short, 
active seasons of various species were observed in June, July and August; con-
sequently each season does not have the the strong characteristics described 
by Southwood (1978), i.e. in the Durham woodland and grassland, the small 
body group were not clearly spring breeders and the large body group also were 
not clearly autumn breeders. 
Reasons for the previous results noted in point 1 above are suggested by 
Lareau from his study with relation to prey: 
o There is a gradient of size (or biomass, or catchability) in the various prey 
types, to which the Carabid species are adapted through different specializa-
tions according to their size. 
o The periods of Carabid beetle activity and the periods of their prey activity 
coincide with each other. 
o The activity of Carabid beetles and their prey are correlated with each other 
in dominant species ( Pterostichus oblongopunctatus and Carabus problem-
atichus). 
The disagreement of the results of the present work with those of the previous 
studies may be due to insufficient data. 
An explanation of point 2 is implied by the study of Lareau (1988). The 
activities of small species do not have a strong relation with prey availability. 
For example, Notiophilus biguttatus activity was found to be related to the avail-
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ability of collembolan prey in Belgian forest in which N. Biguttatus was abun-
dant2; both were active in August. However, the Lareau results in beechwood 
showed different activity peaks between N. biguttatus (peak in April and May) 
and collembolan (peak in summer). It is suggested here that the smaller insects 
at the Durham site, being in the lower position of the food web, develop and 
mature faster than larger insects: their life cycle may therefore be more flexible 
in order to avoid predators (e.g. large insects). 
One reason for the restricted activity stated in point 3 may be the presence 
of lower temperatures. Average temperature: 9.9°C (2.2°C-17.5°C) at Lembeek 
(the data from Uccle) in Belgium; 9.9°C (3.4°C-16.5°C) at Berkshire in southern 
England; 8.5°C (2.2°C-14.9°C) at Durham. 
Recall the results of Chapter 4 (Results for Each Species), from which four 
species in Durham were observed to remain active in winter. These were 
0 Leistus ferrugineus 
0 Leistus rufomarginatus 
0 Notiophilus biguttatus, 
and 
0 Nebria brevicollis 
0 Pterostichus madidus 
0 Pterostichus niger. 
The first three species are in the small body group and the last three species 
are the smallest species in the large body group. 
149 
5 Composition of the Carabid Community 
It is therefore concluded that smaller species tend to remain active in winter. 
One reason for this may be the avoidance of large insect predators that are active 
from late summer to autumn. 
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<'JI'alhRe 5.1> JLnst of species foll" tlhte two lhtalhnt&b 
{§pedes of moll"e tlhtan two aJre R.llstedl) 
Species name Woodland Grassland 
Number of 4-week periods 5 6 7 8 9 11 12 8 9 11 12 
Abax parallelepipedus 0 0 0 0 0 0 0 
Amara curta 0 
Benbidium bipustulatus 0 0 0 0 0 0 
Calathus melanocepharus 0 0 
Calathus piceus 0 0 0 0 0 
Carabus violaceus 0 0 0 0 0 0 0 
Clivina fossor 0 0 0 0 
Cychrus caraboides 0 0 0 0 
Leistus ferrugineus 0 0 0 
Leistus rufescens 0 0 0 
Leistus ruformarginatus 0 0 0 0 0 0 
Loricera pilicornis 0 0 0 0 0 0 0 
Nebria brevicollis 0 0 0 0 0 0 0 0 0 0 0 
Notiophilus biguttatus 0 0 0 0 0 
Patrobus atrorufus 0 0 0 0 
Pterostichus madidus 0 0 0 0 0 0 0 0 0 0 
Pterostichus melanarius 0 0 0 
Pterostichus niger 0 0 0 0 0 0 0 0 
Pterostichus nigrita 0 0 
Pterostichus strenuus 0 0 0 
Trechus obtusus 0 0 0 0 0 0 0 
Total 21 10 15 16 12 14 8 6 12 8 5 2 
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<Talble 5.2> List of tlhe diveJrs.ity index of caralbidlae spedes 
andl tlhe sped.es ll11.llmber by 4~weelk pell."iods in tlhe two halbitats 
Habitat number of Diversity Equitability specws 
4-week periods index number 
5 1.73 0.43 10 
6 2.55 0.53 15 
7 3.47 0.99 16 
Wood 8 2.20 0.51 12 
land 9 2.25 0.46 14 
11 2.77 1.19 8 
12 2.30 1.11 6 
8 1.20 0.24 12 
Grass 9 1.01 0.30 8 
land 11 1.84 0.92 5 
12 0.65 0.90 2 
Equitability=s' / s 
s : species number observed 
s': hypothetical species number by the MacArthur model {1957) 
1 r 
1f'r = - L 1/{s- i + 1) 
s i=l 
s 
M(s') = - L 1f'r log21rr 
r=l 
from table by M. Lloyd and R. J. Ghelardi {1964) 
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<Fng.5.].> ActD.ve pell."iodl of each. species nllll Call."&bnd commutllllRty nXll 
tlhte woodlnalllldl ll."eU&ting wllth tlhleh· avell"&ge elytll"a nellllgtlhls 
, indicates the median of theactive period of each species. For the dominant 
species (Pterostichus madidus and Nebria brevicollis), " is taken as the median 
of the active period of the main breeding season. 
Plytra length ( mm) 
Carabus violaceus IS 
A baz parallelepipedus 
Cychn1s caraboide.9 
I 
Pterostichus melanarius 
. ijteroslichus niger 
l'lrroslir.hus mndidru 
0 
~ 
......;> 
,.....& 
Nebria brer•irollis 
Calathu.q pir.eus 
Patrobus atron~fu.,, 
1-oricera pilicomis 
[,eislus rufomaryinatus 
1-eistus ferr·ugineus 
Leistus rufescens 
...., 
-~ 
-" 
/' 
Noliophilus bigullatus ~ 
. -
. 
6 7 8 9 10 11 
ldentifkatinn no. or 4 -week period 
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<Fig.5.2> Species packing in ground beetles (Carabidae) in terms of max-
imum adult activity, adult size and diel periodicity. Data for woodland-grassland 
area at Silwood Park in southern England from P.J .M.Greenslade (1961,1963,1965). 
Reference by Southwood (1978). The numerals identify species as follows: 
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<Fig.5.3> Size as a function of period of activity in the 13 main species in 
the beechwood in Belgium. The dashed line joins the successive niche centres of 
the large species. Species are mentioned by their abbreviation; 
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Chapie.li." V:IT 
Discussnon and! §ummal!'y 
Consider the shifts of the life cycles of Carabid beetles. 
The Carabidae community has been studied at adjacent woodland and grass-
land habitats in Durham, north-east England from 12 May to 23 December, 1988. 
Some seventeen Carabid species have been included in the present study. The 
species are here divided into four groups according to life cycle, using the classi-
fication scheme of Thiele (1977). 
(1) Autumn breeders with a thermic hibernation parapause at the larval stage 
and no dormancy in the course of adult development 
0 Calathus melanocephalus 
0 Calathus piceus 
0 Carabus violaceus 
0 Cychrus caraboides 
0 Leistus rufescens 
0 Leistus rufomarginatus 
0 Pterostichus madidus 
0 Pterostichus melanarius 
0 Pterostichus niger 
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(2) Autumn breeders with a thermic hibernation parapause for the larvae 
and a photoperiodic aestivation parapause for the adults 
o Leistus ferrugineus 
o Nebria brevicollis 
o Patrobus atrorufus 
(3) Spring breeders with no larval dormancy but with an obligatory dormancy 
in the adults (parapause) governed mainly by photoperiod 
o Loricera pilicornis 
o Pterostichus nigrita 
o Pterostichus strenuus 
( 4) Species with unstable conditions of hibernation and potentially lacking 
dormancy 
o A bax parallelopipedus 
o Notiophilus biguttatus 
When the life cycles of various species within a given group are considered 
together with the local environmental conditions typical of the Durham site, the 
results of the present study are found to be consistent with a shift in the pattern 
of life cycles observed during previous studies at increasingly severe geographical 
locations. 
The four groups are now considered in turn. 
Group (1) 
As environmental conditions become more severe, this group shows: 
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1. a shift of the breeding season 
from autumn 
(a) to summer 
0 Calathus melanocephalus 
0 Carabus violaceus 
0 Cychrus caraboides 
0 Leistus rufomarginatus 
0 Pterostichus melanarius 
0 Pterostichus niger 
(b) to spring 
0 Pterostichus madidus 
and 
2. a shift of the emergence season 
from spring 
(a) to summer 
0 Carabus violaceus 
0 Cychrus caraboides 
0 Leistus rufescens 
0 Pterostichus madidus 
0 Pterostichus melanarius 
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and 
(b) to autumn 
o Calathus melanocephalus 
o Leistus rufomarginatus 
o Pterostichus madidus 
o Pterostichus niger 
3. Univoltine autumn breeders are replaced initially by a mixture of univoltine 
and semivoltine breeders, and finally by semivoltine spring breeders. Leistus 
rufescens is an exception, for only a univoltine life cycle has been observed 
(See Fig.4.9.4). 
The larval development of Pterostichus melanarius is inhibited by low tem-
perature (thermic hibernation para pause as obligation) at the 3rd larval stage 
(Thiele and Krehan 1969, Krehan 1970); the same is observed for Pterostichus 
niger (Witzke 1976). This explains why lower temperatures and protracted win-
ters delay the emergence period from spring to summer. It also explains why a 
biennial life cycle is found at the more severe environmental locations; maturation 
cannot be completed in the shorter time available after the delayed emergence. 
Consequently a fraction of the population which matures more slowly, or has 
emerged later in the emergence season than others in the population, must be 
semivoltine and can begin to oviposit earher than the next new imago generation. 
This applies to 
o Pterostichus madidus: in the present study and the results from upland 
in northern England (Houston 1970), 
158 
6 Discussion and Summary 
o Pterostichus melanarius: m the Netherlands (van Dijk 1972, 1973, 
1979) and 
o Carabus violaceus: in the present study in the Durham woodland. 
In the more severe environmental locations, a larger proportion of a pop-
ulation must follow a semivoltine life cycle. On the other hand, the breeding 
seasons have been shown to shift to earlier seasons in the year under more se-
vere conditions. Faster maturation is then expected in the severe environments. 
Experimental studies in the laboratory should be performed to examine this 
prediction. In the same way that Ferenz experimented on Pterostichus nigrita 
(1975), animals caught at various geographical areas should be examined under a 
range of temperature conditions in order to determine the time required to reach 
maturity. 
Group (2) 
The three species included in this group have been found to display: 
1. a slight shift of breeding 
o in late summer and autumn: for Patrobus atrorufus 
o during autumn: Nebria brevicollis, Leistus ferrugineus. 
2. a shift of emergence season from May to June: all species of this group 
3. a change of life cycle from univoltine late summer-autumn breeding to a 
mixture of univoltine and semivoltine summer breeding. 
It should be noted that Patrobus atrorufus populations in the extreme en-
vironments (e.g. upland in northern England and central Norway) have shown 
a shift of life cycle from a mixture of univoltine and semivoltine summer-early 
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autumn breeding (e.g. upland of northern England and possibly the Durham 
woodland) to semivoltine spring breeding (e.g. upland in central Norway). They 
also show a shortening of the summer emergence season 
o from June-September: upland in northen England; 
o to July-August: central Norway 
The larvae hibernate at low temperatures (Thiele 1969,1971) 
o for Nebria brevicollis from the 1st to 3rd larval stage, but 
o for Patrobus atrorufus at the 3rd larval stage. 
Metamorphosis requires a rising temperature at the end of the 3rd instar for 
larvae of both species. However, the time of the emergence of imagines is fixed 
at the period May to June, in contrast with a shift of the emergence season by 
group (1) species from spring to summer which requires the same condition for 
metamorphosis. By comparing the results of the previous and present studies and 
the monthly average temperature of each of tthe geographical areas, emergence 
seems to be more strongly controlled by temperature than that found for group 
(1 ). See Fig.5.4 and Table 4.0.2. 
For example, for the start of emergence 
o about 13°C: for Patrobus atrorufus 
o about 12°C: for Nebria brevicollis 
except for the Patrobus atrorufus population in extreme conditions, i.e. cen-
tral Norway and upland in northern England. The ons<'t of aestivation interrupts 
maturation and is controlled by photoperiodicity and temperature (Thiele 1969, 
1971). In the experimental conditions, short-day photoperiodicity for the start of 
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egg-ripening was found at 16.0-17.0h light/day for N. brevicollis and P. atrorufus. 
This is supported by the previous field studies at various geographical locations. 
The start of reproduction is determined by additional temperature requirements 
for Nebria brevicollis: lower temperatures inhibit maturation less, therefore the 
animals in the more severe environmental areas breed earlier than those in the 
warmer areas. The experimental results of Thiele (1971) are in agreement with 
those of the previous field studies. 
For the populations of Patrobus atrorufus of Scandinavia and uplands in 
northern England <Fig.4.13.5>, the breeding season moves from August to June 
as the altitude becomes greater. Refseth (1986) found that the population with 
an earlier breeding season (June) has already begun to mature in May before 
the photoperiodical signal turns to short-day. Refseth also suggested that the 
Scandinavian population may be a different race phenologically to the species in 
other western European areas. Although experiments have not been carried out, 
Refseth {1986) has proposed a correspondence between the breeding season and 
the end of the vegetation growth period for the species Patrobus atrorufus and 
Patrobus assimilis for several altitude points in central Norway. The results show 
that temperature has a strong influence which may be direct or indirect. A lower 
temperature causes a greater acceleration of maturation for the semivoltine P. 
atrorufus. 
G1roup ( 3) 
Throughout the various geographical regions, the life cyles of carabid beetles 
of this group show: 
1. spring and/or early summer breeding 
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2. an autumn emergence season 
3. a univoltine life cycle. 
The species Pterostichus nigrita and Pterostichus strenuus match this general 
description and show a fixed emergence season in autumn (mainly September) 
and a spring breeding season which starts later and ends earlier with harsher 
conditions. 
Loricera pilicornis does not fit clearly into this description. (See below.) 
The spring breeding and the summertime larval development are explained 
by the results of experiments which have shown that the female maturation 
of Pterostichus nigrita is controlled by photoperiod. The critical photoperiod 
signals are, for example: 
for previtellogenesis: short-day photoperiod 
o 15.5h light/day 51 °N 
€> 19.5h light/day 66°N 
for vitellogenesis: long-day photoperiod 
<1.l 13.1h light/day 51 °N 
o 14.0h light/day 66°N. 
The critical photoperiod for previtellogenesis is the end of July, while the 
critical photoperiod for vitellogenesis is the beginning of April, irrespective of 
geographical location. (See Fig.6.2.) However, the results of the previous and 
present field studies of Pterostichus nigrita show a later starting of breeding 
in harsher environments. It may therefore be concluded that the start of the 
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breeding season is controlled directly or indirectly by temperature in addition to 
the photoperiodical signal. 
The previous studies for Pterostichus strenuus show that breeding began at 
approximately the same time in the various geographicalstudy areas <Fig.4.17.3>. 
Ferenz (1975) has suggested that the larvae of P. nigrita, which lives in more 
severe environments, develop faster in the shorter warm seasons <Table 6.2>. 
However, the comparisons of the results of the field studies in various areas for 
both P. nigrita and P. strenuus show that the time from the start of oviposition 
to the start of emergence is approximately four months. They do not show a 
quickening of larval development in harsher environments compared with that in 
milder environments. 
Loricera pilicornis <Fig.4.11.5>: As environments become more severe this 
species shows: 
1. a shift of the breeding season for study areas with average temperatures: 
o up to and including that prevailing at the upland in northern England 
<Table 4.0.3>: a shift of the breeding season from twice per year (in 
spring and autumn) to once per year (in spring-early summer), with 
a shortening duration of activity. 
o towards the more severe environments of central Norway: the breeding 
season starts earlier in the year. 
2. a shift of the emergence season from summer (July) to autumn (September) 
3. a univoltine life cycle. 
The time between the start of breeding and the start of emergence is approx-
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imately two to three months. 
The following suggestions are therefore made: 
1. the signals for the start of maturation for the Scandinavian L. pilicornis 
population are different to those for the populations in the other European 
areas, or 
2. after the signals, maturation occurs faster for the Scandinavian population. 
Group (4) 
As conditions become more severe, this group shows: 
1. breeding seasons which reduce in number from three to one per year. For 
example <Fig.4.3.5>: 
o three breeding seasons per year: m the Netherlands (van der Drift 
1951); 
o two per year: in Koln in West Germany (Loser 1970, 1972 and Lauter-
bach 1964 at low regions, slopes with southern exposure and warmer 
years); 
o one per year: highlands in northern England (Houston 1970) and in 
West Germany (Loser 1970, 1972) and Lauterbach {1964) at high re-
gions, slopes with northern exposure and colder years. 
Such restrictions are caused by a lowering of the temperature with the 
geographical location (Loser 1970, 1972 and Lauterbach 1964). 
As the active seasons for these species become shorter, the number of emer-
gence seasons can reduce from two to one per year (Loser at Koln). 
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2. the breeding seasons also reduce in number from three to one. 
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<'I'abe 15.1> Mortality in the pre-adult stages of P. nigrita from two different 
regions in % of initial population. From Ferenz (197S). 
Temperature Central Europe Lapland 
oc (Koln S0°N) (Messaure 66°N) 
10 87 42 
1S 11 28 
20 18 12 
2S 12 16 
30 63 66 
<'I'abe 6.2> The duration of larval development of P. nigrita from two 
different regions; mean number of days, with standard deviation. From Ferenz 
(197S). 
Temperature Central Europe Lapland Reduction rate of 
oc (Koln S0°N) (Messaure 66°N) duration of development 
10 136.9±9.3 (n=13) 99.6±7.7 (n=29) 27% 
15 44.4±2.9 (n=89) 42.0±2.8 (n=36) 4% 
20 31.S±1.8 (n=41) 28.7±1.6 (n=44) 9% 
2S 23.2±1.3 (n=44) 19.9±1.7 (n=42) 13% 
30 25.7±4.0 (n=37) 19.8±2.1 (n=17) 23% 
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<lF'iig.6.1> The duration of the vegetation periods at the study sites in rela-
tion to the annual mean temperatures with the times of breeding of P. atrorufus 
(filled circles) and P. assimilis (open circles) indicated. From Refseth (1986). 
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<lF'ig.6.2> The seasonal variations in the day length (excluding twilight) at 
three selected latitudes: -: Bod!Z1{67°N), -: Trondheim (63°N), -:Koln (51°N). 
The critical photoperiods for maturation in P. nigrita (open circle) and P. atroru-
fus (closed circles) at different latitudes are indicated. From Refseth (1986). 
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Communities of Carabid beetles have been studied at adjacent woodland and 
grassland habitats in Durham, north-east England. Fieldwork was performed 
during the period 1988 May 12 to December 23. 
Of a total of 25 Carabid species identified, 21 were observed in woodland and 
15 in grassland. A subset of some 17 species was considered in Chapters 4 and 
5. 
The biological seasons of the adult individuals of the 17 species were investi-
gated using the data collected on frequency of capture (including the peak( s) of 
capture and the relative proportions of the two sexes), the distances of movement 
and the stages of maturity. A measurement of the length of the mandible tip 
was used as the principal indication of the age of a given individual. The stages 
of maturity were determined using the approximate distributions of the observed 
ages of individuals within a species, together with the data on the ratio of the 
length of the abdomen to that of the elytra, and the volume and number of eggs. 
Also examined was the composition of the community of Carabid species 
using the data on equitability and the relation of activity to the body size. The 
dominant species in the Durham woodland and grassland have been found to be 
Pterostichus madidus and Nebria brevicollis. Generally, the equitability of the 
Carabid community in the woodland was greater than in the grassland. 
Frequent comparisons of the present work have been made with the results 
of the studies of Carabid beetles at various habitats at many locations in north-
west Europe. The results of the Durham study are apparently consistent with 
the relationship between the time of occurrence of the breeding and emergence 
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seasons and the relative severity of the local environment. 
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Appendix A 
A list of all spedes aumd tlhe llllumbeJL hn each hab.ntai 
(1) For field observation <Table A.1> 
(2) For dissection <Table A.2> 
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Appendix 
'Jra.Me A.JI. JLn§t of allli §]pedes a:ndl the n:mmbe!1' lin:ll eaclht lhtabliiat 
fo:r Jfieldl olbserva.tiolrll 
Species name I Grassland ~ Woodland I 
Duration of data coHesion 31/7-23/12 31/7-23/12 12/5-23/12 
Sex FMT FMT FMT 
Abax parallelepipedus 52 7 10 9 19 28 28 56 
Amara ·curta 202 
Amara familiaris 0 1 1 1 0 1 1 0 1 
Amara plebia 1 0 1 
Badister bipustulatus 
- - 1 - - 1 
Benbidium guttula 8 1 9 2 2 4 2 2 4 
Calathus melanocephalus 1 1 2 
Calathus piceus 1 0 1 7 1 8 
Carabus violaceus 2 1 3 5 12 17 8 20 28 
Clivina fossor - - 3 
Cychrus caraboides 58 13 10 13 23 
Elaphrus riparius - - 1 - - 1 
Leistus ferrugineus 4 2 6 437 
Leistus rufescens 246 4 7 11 
Leistus ·rufomarginat'l,ls 336 6 8 14 
Loricera pilicornis 3? 10 . 57 12 
-
13 15 28 
Nebria brevicollis 27 10 37 42 40 82 52 60 112 
Notiophilus biguttatus 
- - 9 26 5 31 
Patrobus atrorufus 1 0 1 6 12 18 15 20 35 
Pterostichus madidus 155 2GG 421 1G4 1G6 330 300 240 540 
Pterostichus melanarius 6 13 19 3 1 4 
Pterostichus niger 2 3 5 21 17 38 51 37 88 
Pterostichus nigrita 0 1 1 1 1 2 
Pterostichus strenuus 7 5 12 
Trechus obtusus 18 13 31 1 2 3 1 2 3 
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Tablle A.2 lLJist oJ!' all species and the Till1lllmlbeJJ." iiTill eaclh lbtalblitat 
Jl'01r dnssection 
Species name I Grassland I Woodland I 
Sex Female Male Total Female Male Total 
Abax parallelepipedus 1 0 1 8 1 9 
Calathus melanocepharus 404 1 0 1 
Calathus piceus 1 0 1 19 3 22 
Carabus violaceus 5 1 6 
Cychrus caraboides 358 
Leistus ferrugineus 3 2 5 
Leistus rufescens 1 0 1 
Leistus rufomarginatus 1 0 1 
Loricera pilicornis 202 505 
Nebria brevicollis 51 6 24 14 38 
Notiophilus biguttatus 224 
Patrobus atrorufus 202 3 1 4 
Pterostichus madidus 33 24 57 45 20 65 
- -
- -
Pterostichus melanarius 606 1 0 1 
Pterostichus niger 0 1 1 8 2 10 
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Appendix B 
The compa1riison of elyt:ra lengths 
Table B shows the measurements of elytra lengths for each spectes. The 
elytra lengths for both sexes of each species have also been considered in the 
additional information section of Chapter 4 (Results for Each Species), during 
which comparisons of the results of statistical tests were discussed. 
Elytra lengths were measured to provide a comparison of body size. (Mea-
surements of the whole body length are imprecise because live individuals extend 
the joints between head, thorax and abdomen when captured). 
The females of six of the the species of Carabid beetles measured in Durham 
had elytra lengths that were significantly larger than those of the males. No 
species were found in which the elytra lengths of the males were significantly 
larger than those of the females. 
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Table B. JLns~ of eRyilra lemgtlbt of each sped.es D.m Une two l'tnalbiiat 
Habitat Woodland Grassland Comparison 
Sex Female Male Female Male 
-------Abax parallelepipedus 10.877 11.147 10.980 11.20 A < < 1\ 
Calathus melanocephalus 4.700 4.500 v 
Calathus piceus 5.804 4.900 5.700 - ~ > 
Carabus violaceus 15.662 14.783 15.650 15.800 v > 1\ < 
Cychrus caraboides 10.217 10.359 1\ 
Leistus ferrugineus 4.457 4.285 ::j 
Leistus rufescens 4.220 4.171 v 
Leistus rufomarginatus 4.767 4.550 v 
Loricera pilicornis 4.728 4.714 4.450 4.617 v >> 1\ 
» 
N ebria brevicollis 7.985 7.449 7.526 7.090 ~ :» ~ > 
Notiophilus biguttatus 3.615 3.086 ¥; 
Patrobus atrorufus 4.982 4.684 4.367 v / -
Pterostichus madidus 8.458 8.249 8.712 8.455 ~ << ~ ~ 
-- - -~ ·- - - - -- ---- -- \1 Pterostichus melanarius 9.460 8.577 v 
Pterostichus niger 8.761 8.830 10.250 10.350 v < 1\ << 
Key to Comparison: the symbols represent the results of comparison between 
sexes and habitats in each species (Data from Chapter 4, additional information 
section) 
In each cell 
Woodland female Grassland female 
Woodland male Grassland male 
~: significantly larger, >: insignificantly larger 
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Appellldix C 
The study of pheiromo!Oles 
During the field studies, several species were found to secrete pheromones. 
In the insect world, pheromones are signals for 
1. reproductive behaviour (sex and assembling pheromones), 
2. alarm and defence, 
3. territory and trail-marking, 
4. social regulation and recognition, 
5. control of caste, differentiation. 
The roles under 2. are observed for social insects (e.g. termites, ants, bees 
and wasps). 
1.: sex pheromone is a prerequisite to successful courtship and mating. In 
most cases, a sex pheromone produced by a species is specific for the opposite 
sex of that same species. 
RESULT§ 
Table C shows the results of the Durham field observations of pheromones. 
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<Thlhlie C> JLlist of the species whnclh. were observed to §ecrete plh.eromo:rme 
hn. dn.e DUllll'lllam woodland and!. g!l"assliand 
Species sex Habitat Date Oviposition season 
of from the results 
observation deduced in Chapter 4. 
Abax parallelepipedus M w 7/7 June-Sep. 
Carabus violaceus M,F w 27/6,23/7 June, Aug.-Oct. 
(F), (M) 
Loricera pilicornis F w 23/6 June-July 
Nebria brevicollis F w 3/7 Sep.-Nov. 
Patrobus atrorufus F w 9/7 July-Sep. 
Pterostichus madidus M w 7/7 June, Aug. 
Pterostichus niger F w 7/7, 25/7 June-Aug. 
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Appendix D 
A st1llldly of dle[ence mechannsms 
Defensive behaviours were observed in three species during the Durham field 
studies. 
Thiele {1977) divided the defence mechanisms of Carabid beetles into three: 
1. Mimicry: this is confined to members of the Lobiini tribe. They may imitate 
certain species of the Chrysomelidae of subfamily Alticinae {flea beetles), 
which are poisonous. 
2. Biochemical defenec "weapons": Carabids, in common with all members of 
the suborder Adephaga under order Coleoptera, possess pygidal glands which 
produce defensive secretions. 
The chemical compounds of the principal groups of defence chemicals are 
reported by Moore (1979). (See Table D.l.) 
3. Sound productions: the species Carabus irregularis stridulate by rubbing the 
two inner surfaces of the elytra (Bauer 1973, 1975). Other reports have 
been made for the subfamily Cicindelinae (Freitag and Lee 1979), genus 
Scaphinotus {North American Cychrines} (Bagnall 1906, Greeene 1975), Cy-
chrus caraboides (Thiele 1977), Elaphrus cupreus, E. riparius (Bauer 1973, 
1975) 
The stridulation was observed always under stressful situations. From ob-
servations and experiments, Bauer suggested that stridulation and chirping is a 
warning signal {1973, 1975, 1976: referenced by Thiele 1977). 
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Talblle D.l De[ence chemical compound altll.d moods of cliisclhtaurge 
Principal groups of compounds detected: 1, hydrocarbons; 2, formic acid; 3, 
higher saturated acids; 4, unsaturated acids 
Generus name Chemical compounds Modes of discharge 
Abax 4 Oozing 
Calathus 1, 2 Spraying 
Carabus 4 Spraying 
Cychrus 4 Spraying 
Loricera 3 Oozing 
Nebria 4 Oozing 
Notiophilus 3 Oozing 
Pterostichus 1, 4 Spraying 
<1'ab[e D.2> Results of observation of defence mechanisms in the 
Du.n1rlmam woodiJandl and grassland 
Species name Sex Date Modes of discharge 
Abax parallelopipedus M 21/7 Oozing when captured 
Carabus violaceus M 19/7 Oozing when captured 
M,F Often Spraying of stimulative liquid 
Cychrus caraboides M 25/7 Spraying of stimulative liquid 
M,F Often Hissing by squeezing of abdomen 
Loricera pilicornis M 3/7, 19/7 Oozing when captured 
Patrobus atrorufus F 2/8, 10/8 Oozing when captured 
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